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ABSTRACT
 A taxonomic revision and phylogenetic analysis of Tanyderidae, a family of Diptera 
(True flies) known as primitive crane flies, were undertaken.  The Afrotropical fauna is treated as 
part of a larger reference work on Diptera in the region. All major life stages of the Neotropical  
Araucoderus are described in detail, as well as details on natural history and mating behavior. A 
treatment of the extremely rare Neotropical genus Neoderus is presented, including one new 
species and habitat description. The world fauna of Tanyderidae is revised, including new 
generic diagnoses for all genera in the family except Nothoderus. 
Structure and homologies of male genitalia were examined, and a new standardized terminology 
is proposed. A phylogenetic analysis of the family used nine larval and 59 adult characters (68 
total). Nine of 10 currently valid genera were recovered with . Protoplasa consistently nested 
within Protanyderus, merging all respective species into the former. Eutanyderus is split leaving 
the monotypic E. wilsoni, while Xenoderus Madriz gen. n. is erected to house E. oreonympha. A 
novel approach to remotely convey complex comparative morphological information using 
digital, interactive 3D models is presented, using male terminalia of Araucoderus gloriosus 
(Tanyderidae) and Nemopalpus glyphanos (Psychodidae) as models.  An anecdotal account of 
the rediscovery of the rare Neotropical Neoderus is presented as a publication to the newsletter 
Fly Times. An illustrated guide to insect curation was designed as aid for the Iowa State 
University class Insect Biology (ENT 370). A syllabus and laboratory manual are presented for 
the newly created class Mosquito Surveillance and Curation (ENT 270L), offered as part of the 
Iowa State University Entomology class curriculum.  
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CHAPTER 1 
INTRODUCTION  
 
Dissertation Organization 
The research presented in this dissertation comprises seven chapters and four appendixes. 
Chapters 2–5 and appendix A are individual scientific journal articles while appendices B–D are 
novel taxonomic educational materials produced for use in the Iowa State University 
Entomology Department’s Class Curriculum. Chapters 1 & 8 will not be submitted for 
publication. 
Chapter 1 (this chapter) contains a literature review and a general introduction to the 
family Tanyderidae as well as a statement of the questions pursued in this research. 
Chapter 2 contains a taxonomic treatment of the family Tanyderidae in the Afrotropical 
region, consisting of a diagnosis of the group, general biology, classification and identification 
and a synopsis of the fauna. This work is in press and will be included in the second volume of 
the Manual of Afrotropical Diptera, an international collaboration covering the biodiversity of 
all groups of Diptera in the region.  
Chapter 3 consists of a manuscript published in the journal Zootaxa: Madriz, R.I. & 
Courtney, G.W. (2016)  The Neotropical tanyderid Araucoderus gloriosus (Alexander) (Diptera, 
Tanyderidae), with description of the egg, larva and pupa, redescription of adults, and notes on 
natural history. Zootaxa, 4158, 325–351. It is the first publication on a tanyderid to include a 
description of immature- and adult- life stages, and information on natural history and mating 
behavior. The chapter also proovides a standardized terminology for all life stages, using the 
Neotropical tanyderid Araucoderus gloriosus as an exemplar. 
2 
 
Chapter 4 is a manuscript to be published as one of 8-10 papers included in a special 
issue for the journal Aquatic Insects, focused on the taxonomy, systematics, and biodiversity of 
Neotropical Aquatic Insects. The paper “A new species of Neoderus Alexander (Diptera, 
Tanyderidae) from southern Chile with a first description of a male, redescription of the genus 
and key to extant genera of the family” provides a diagnosis of adult Neoderus, redescription of 
N. patagonicus Alexander, and description of Neoderus chonos Madriz sp. nov., including the 
first description of a male fot the genus. Habitat characteristics, known distribution and historical 
information for the new species are also discussed, and a generic key to adults of world 
Tanyderidae is provided.  
Chapter 5 is a morphological-based revision of the Tanyderidae, including a novel 
treatment of the structure of male genitalia throughout the family. Features within the family are 
homologized, and a consistent terminology is proposed for these structures. Species were placed 
into species groups, based on comparisons and supported by a morphological phylogeny from 
chapter 5. This monograph will be submitted to Zootaxa. 
Chapter 6 includes the first morphological-based phylogeny for extant Tanyderidae. 
Novel characters were selected to test the monophyly of the family and validity of current 
genera. The ground plan and potential evolutionary pathways of some characters are discussed. 
This work will be submitted to the journal Systematic Entomology. 
Chapter 7 includes a novel approach to remotely convey complex comparative 
morphological information using digital, interactive 3D models. This work arose from a need to 
clearly explain novel morphological characters of male genitalia within Psychodomorpha to 
experts who  do not have access to the taxa in question. Two dimensional illustrations, though 
accurate and adequate in some applications, were limited in their effectiveness for explaining 
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such complex characters. Thus, digital sculpting software was used to convert 2D illustrations 
and images into accurate, 3D models to illustrate the male genitalia of Araucoderus gloriosus 
(Tanyderidae) and Nemopalpus glyphanos (Psychodidae). The models can be used as research 
and teaching tools to convey information including, but not limited to hypotheses of homology 
and characters pertinent to species identification.  
  Chapter 8 is a general conclusion, providing a synopsis of the research presented in 
previous chapters. 
 This project was supported in part by National Science Foundation grants (DEB-0933218 
and EF-1115156) to G.W. Courtney and the National Institute of Food and Agriculture, Project 
No’s. 6693 and 5473. Additional support was provided by a Fondo Nacional de Desarrollo 
Cientifico y Tecnologico grant: proyecto FONDECYT Nº1114049 to Anna Beatrice Astorga 
Roine 2014–2018.  
Any nomenclatural changes or new taxa proposed in this dissertation should not be considered 
valid until their publication in primary literature journals as defined by the International Code of 
Zoological Nomenclature Article 8 (International Commission on Zoological Nomenclature 
1999). 
Prior to this study species discrimination was based on characers of wings. This approach is 
inadequate to accurately catalogue the fauna of Tanyderide. Our approach to species delimitation 
consisted on utilysing morphological characters, specially those involving the male and female 
genitalia. When available, these characters were compared among multiple specimens within 
their respective populations.  
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Introduction and Literature Review 
Tanyderidae Osten Sacken (1880) comprises 38 extant species divided among 10 genera, 
with representatives in the Nearctic (four species), Neotropical (three species), Afrotropical (one 
species), Palearctic (seven species), Indomalayan (two species) and Australasian (21 species) 
ecozones.  
Since discovery of the first extant tanyderid (Osten Sacken 1859), information pertaining 
to the natural history of this family has been of great interest, but fragmentary. Except for studies 
by Exner & Craig (1976), Lukashevich & Scherbakov (2014) and Madriz & Courtney (2016), 
most published information about tanyderid biology includes brief mention of habitat or life 
history (Colless & McAlpine 1970; Krzemiński & Judd 1997; Judd 2004; Lukashevich & 
Shchervankov 2014, 2016) usually in the context of a species description (Alexander 1930; 
Crampton 1930; Wood 1952; Knight 1963; Rose 1963; Podeniene & Gelhaus 2013) or 
geographic range extension (Alexander 1935, Eskov & Lukashevich 2015).   
Information about the reproductive biology of primitive crane flies, particularly mating 
behavior and oviposition, has been hypothetical at best, with one recent exception (Madriz & 
Courtney 2016). Knowledge of natural history is lacking partly due to sampling difficulties for 
adults and especially immature stages.  Larvae of some species are known to burrow in soft, 
saturated wood (Hinton 1966; Colless & McAlpine 1970, 1991; Krzemiński & Judd 1997; 
Lukasevich & Scherbakov 2014, 2016) while others are free living in the shallow hyporheic zone 
of cobble-, gravel- and sand-bottom streams (Alexander 1930; Crampton 1930; Wood 1952; 
Knight 1963; Rose 1963; Exner & Craig 1976; Anthon 1988; Krzemiński & Judd 1997; Judd 
2004; Courtney & Merritt 2008; Marshall 2012; Madriz & Courtney 2016). A single larva of 
Protanyderus stackelbergi Savchenko (1971) was recorded from a leaf pack (Podeniene & 
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Gelhaus 2013), but it is unclear if this is the primary larval habitat for the species. Pupae have 
been found on damp ridges above the water line of sandy banks of streams and rivers (Wood 
1952; Knight 1964; Madriz & Courtney 2016) or burrowing into wood (Colless & McAlpine 
1970, 1991; Lukashevich & Scherbakov 2016). Adult tanyderids are cryptic and believed to be 
short-lived, which presumably has contributed to historically few collection records and a poor 
understanding of the family.  
Larvae are aquatic, eucephalic and terete, with a heavily sclerotized head capsule partly 
retracted into thorax. All known larvae possess two pairs of spiracles (one on the first thoracic 
segment and one on the eight abdominal segment), with two notable exceptions: Tanyderus 
pictus Phillippi (1865), which has rudimentary spiracles on the metathorax and abdominal 
segments I–VII (Lukashevich & Scherbakov 2014) and Eutanyderus wilsoni Alexander (1928), 
which lacks spiracles (Colless & McAlpine 1970, 1991). The abdominal terminal end possesses 
three pairs of tracheated filaments, one pair on the eighth abdominal segment, one on the ninth 
and most species with one pair inserted at the apex of the anal prolegs. Paired anal prolegs on the 
ninth abdominal segment bear two rows of retractile claws, which are reduced in 
Peringueyomyina barnardi Alexander (1921).  
Previous descriptions of tanyderid larvae and pupae have been fragmentary (Alexander 
1930; Crampton 1930; Rose 1963; Knight 1963, 1964; Exner & Craig 1976; Anthon 1988; 
Wipfler et al. 2012; Podeniene & Gelhaus 2013; Lukashevich & Shchervankov 2014, 2016), 
with only four definitive larva–adult associations: Protoplasa fitchii Osten Sacken (1859) 
(Alexander 1930; Crampton 1930), Peringueyomyina barnardi (Wood 1952), Tanyderus pictus 
(Lukashevich & Shcherbakov 2016) and Araucoderus gloriosus Alexander (1920) (Madriz & 
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Courtney 2016). Eutanyderus wilsoni larvae (Colless & McAlpine 1970, 1991) and pupae 
(Hinton 1966) have been identified, but no detailed description has been published.   
Adults are small to large flies (5.0–35.0mm). They possesses conspicuous mouthparts, 
with elongated rostrum in some species. They lack ocelli and their compound eyes are large and 
bear ommatrichia. The family is characterized by elongate cervical sclerites in some species, 
creating the appearance of a long neck, providing the bases for the family name (G. tany= 
stretch, der= neck).  Their legs are as long or longer than the body. Wing length ranges from 6.0 
to 31.5mm, possessing irregular bands of brown infuscation, reduced in Peringueyomyina. Wing 
venation is composed of five radial-, four medial- and two cubital- veins reaching wing margin, 
with conspicuous cubital lobe and highly reduced anal sector retracted into wing base (Madriz & 
Courtney 2016). Detailed genitalia studies are lacking with the exception of the internal male 
genital tract of Protoplasa fitchii (Borkent & Sinclair 2012). 
Tanyderidae is the only family of extant Diptera for which species level identification can 
be performed mainly through wing characters (Alexander 1927). Existing keys have been based 
on the premise that these flies possess one of the most “primitive” conditions of wing venation 
(MacGillivray 1923, Rohdendorf 1974; Krzeminski 1992), but no attempt has been made to 
incorporate other structures (e.g. terminalia) for species-level discrimination. Furthermore, 
geographically extensive distributions and hypothesized sympatric associations among some 
species provide compelling questions regarding potential species complexes. 
Historically, Tanyderidae has been understudied and a difficult group to place in an 
evolutionary framework. Considered to be among the rarest of Diptera (Crampton 1926b; 
Alexander 1967, Krzeminski & Judd 1997, Judd 2004), tanyderids have long been described as 
“primitive” (Crampton 1930; Alexander 1930; Williams 1933; Colless & McAlpine 1991; 
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Rohdendorf 1974; Exner & Craig 1976). In addition, phylogenetic hypotheses based on 
morphological characters of immature stages (Alexander 1930), adult thoracic sclerites 
(Crampton 1925, 1926a–c, 1930) and wing venation (Rohdendorf 1974), have produced 
inconsistent results regarding sister-group relationships, leading to an unresolved phylogenetic 
placement.  
Morphological phylogenetic analyses have suggested a close relationship between 
Tanyderidae and Ptychopteridae (Hennig 1973; Wood & Borkent 1989; Oosterbroek & Courtney 
1995) and more recently Blephariceridae (Lambkin et al. 2013).  In contrast, recent analyses 
based on molecular data strongly support a sister group relationship between Blephariceridae and 
Tanyderidae + Psychodidae (Bertone et al. 2008; Wiegmann et al. 2011; Curler & Moulton 
2012). 
The current project examines the species diversity and classification of the family in a 
global context, with an emphasis on interpreting the morphological diversity and homologies 
within the group. 
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CHAPTER 2 
TANYDERIDAE (PRIMITIVE CRANE FLIES): A SYSTEMATIC OVERVIEW FOR 
THE MANUAL OF AFROTROPICAL DIPTERA 
 
A modified version accepted in the Manual of Afrotropical Diptera 
R. Isaí Madriz 
 
Diagnosis 
Small to fairly large nematoceran flies, 5.0 to 35.0 mm. Adults with elongated body and 
cylindrical abdomen (Fig. 1). 
Head with mouthparts conspicuous, with elongated rostrum in some species; eyes with 
ommatrichia, dichoptic above; ocelli absent; cervical sclerites prominent, often elongate, creating 
appearance of long neck; antenna with 16 flagellomeres; rostrum (Fig. 1) heavily-sclerotised and 
elongate, exceeding combined length of head and thorax, bearing mouthparts at terminal end. 
Thorax with legs as long or longer than body. Wing (Figs 2, 3) with 5 radial, 4 medial, 
and 2 cubital veins reaching wing margin; often patterned with irregular bands of brown 
infuscation in non-Afrotropical genera; with conspicuous anal lobe; usually sexually dimorphic 
in size, shape and brightness of bands; Peringueyomyina Alexander, with wing membrane 
hyaline (Figs 2, 3), except for pterostigma and extra microtrichia on vein R1, distal to vein R2+3 
fork (Fig. 4), in between cells sc and r1; veins with prominent microtrichia; no supernumerary 
crossveins. 
Abdomen of Peringueyomyina with male terminalia (Figs 5–9) 0.3 × length of remaining 
abdomen; gonocoxite as long as thorax, tubular in shape, over 11 × longer than wide, with row of 
stout, setiform sensilla inserted medially (Fig. 7); gonostylus as long as gonocoxite, over 20 × 
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longer than wide, with over 30 stout setiform sensilla inserted medially (Fig. 6); aedeagus 
bifurcate, each ramus 24 × longer than wide (Figs 5, 8, 9); female terminalia (Figs 10–12) with 2 
spermathecae (Fig. 12). 
Larvae (Figs 13–18) aquatic, eucephalic with heavily sclerotised head capsule, somewhat 
dorsoventrally flattened; anal prolegs present on abdominal segment 9, each with 2 rows of 
retractile, crochet-shaped claws; Peringueyomyina fourth-instar larval dirty-white in colour; head 
capsule dark brown (Figs 13–15); amphipneustic; abdomen with 3 pairs of fleshy filaments (Figs 
16–18), 1 on abdominal segment 8, 1 on abdominal segment 9 and 1 inserted at base of anal 
prolegs. 
Pupa (based on Wood 1952:12) with “No cephalic crest; breathing horns small, widening 
to a funnel shape; leg sheaths unequal in length, the fore tarsi the shortest; … abdominal segment 
eight with finger-like lobes, the other segments having a transverse row of spines near the 
posterior margin; cauda prominent, as in general description.”. 
Although adult Tanyderidae are similar in appearance to Limoniidae and Tipulidae (see 
Chapter 14) and other long-legged flies, tanyderids can be easily differentiated through wing 
venation by the presence of 5 radial and 2 cubital veins. 
 
Biology and Immature Stages 
Tanyderidae are among the most ancient Diptera, with fossils dating to the Lower 
Jurassic (201.3 ± 0.6 MYA) (Ansorge 1994; Skibińska et al. 2014), but little is known regarding 
the biology of the family. Adults are most frequently found resting singly near streams and 
rivers, on the underside of marginal vegetation, large rocks, or beneath bridges. Species of the 
non-Afrotropical genera, Mischoderus Handlirsch, Protanyderus Handlirsch and Protoplasa 
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Osten Sacken, have been collected infrequently at porch lights and with the use of black lights. 
While most of the literature and museum collections suggest tanyderids are rare, mating swarms 
(Alexander 1930; Wood 1952) and a considerable number of larvae have been encountered 
(Wood 1952; Madriz & Courtney 2016), which may reflect collecting bias and our insufficient 
knowledge of the life history of this group. 
All known species, for which the immature stages are known, have aquatic larvae. 
Species of the non-Afrotropical genera, Araucoderus Alexander, Mischoderus, Protanyderus, 
Protoplasa and Radinoderus Handlirsch and Afrotropical Peringueyomyina, are free-living, 
occurring in or near cobble and sand-bottom streams (Alexander 1930; Anthon 1988;  Exner & 
Craig 1976; Knight 1963; Krzremiński & Judd 1997: 282; Podeniene & Gelhaus 2013; Rose 
1963; Wood 1952); species of the Australian genus Eutanyderus Alexander and non-Afrotropical 
Radinoderus have been found mining in soft, saturated wood along stream margins (Colless & 
McAlpine 1991: 742; Hinton 1966; Krzremiński & Judd 1997: 282). Observations suggest that 
larvae of some species migrate to drier, sandy areas prior to pupation (Alexander 1930; Knight 
1964: 3; Madriz & Courtney 2016; Wood 1952). Although the duration of the pupal stage is 
unknown for Afrotropical Peringueyomyina, this stage may last 7–15 days in other species 
(Alexander 1930; Madriz & Courtney 2016). 
Peringueyomyina larvae have been found beneath large boulders in white gravel and sand 
pits along the edges of forest streamlets. For additional information on the biology of 
Peringueyomyina barnardi Alexander, 1921, refer to Wood (1952). 
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Economic Significance 
Tanyderids are not of economic or medical importance. 
 
Classification 
Tanyderids have long been described as “primitive”, based primarily on their wing 
venation (Alexander 1930; Colless & McAlpine 1991: 742; Crampton 1930; Exner & Craig 
1976; Rohdendorf 1974: 44; Williams 1933), yet few attempts have been made to place the 
family in a phylogenetic context. Results of morphological phylogenetic analyses have suggested 
a close relationship between Tanyderidae and Ptychopteridae (Hennig 1973: 55; Oosterbroek & 
Courtney 1995; Wood & Borkent 1989: 1342) and more recently Blephariceridae (Lambkin et 
al. 2013). In contrast, recent analyses based on molecular data strongly support a sister-group 
relationship between Blephariceridae and Tanyderidae + Psychodidae (Bertone et al. 2008; 
Wiegmann et al. 2011). There is currently no suprageneric classification within Tanyderidae. 
Thorough studies of adult and immature morphology are required to corroborate any previous 
phylogenetic hypotheses, as well as to clarify the phylogenetic placement of Tanyderidae within 
Diptera. 
 
Identification 
Identification of tanyderid species has traditionally relied on wing venation but, despite 
this, characters of the male (Borkent & Sinclair 2012) and female terminalia provide important 
information for the identification of species.  
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Synopsis of the fauna 
The family currently comprises 38 extant species, divided into 10 genera globally, with 
the greatest diversity in the Southern Hemisphere. In the Afrotropical Region the family is 
represented by the monotypic genus Peringueyomyina. Its geographical range is restricted to 
Fynbos in the ancient Cape Fold Mountains of South Africa (Duxbury & Barraclough 1994; 
Kirk-Spriggs & Stuckenberg 2009: 178; Stuckenberg 1962). 
Larvae identified as Protoplasa fitchii Osten Sacken, 1859 were sampled during several 
studies of the macro-invertebrate fauna of the Ikpoba River in southern Nigeria (Victor & 
Ogbeibu 1985, 1986, 1991; Ogbeibu & Victor 1989), but larval identifications have not been 
corroborated. This would represent a significant range extension for the genus Protoplasa, 
currently restricted to the eastern Nearctic Region, and for this reason the genus is not listed 
below as occurring in the Afrotropical Region. 
Peringueyomyina Alexander. An endemic monotypic genus. The single species, P. 
barnardi, is known only from South Africa and its conservation status was reviewed by Duxbury 
& Barraclough (1994) (see Chapter 10). Among tanyderids, P. barnardi is easily identifiable by 
its unique tubular rostrum bearing small mouthparts apically. It is also the only known extant 
tanyderid without a patterned wing. In P. barnardi, there is a small pterostigma near the wing 
apex (Fig. 4). Wing venation is strikingly similar to the fossil Microchile spectrum Loew, 1851 
from Baltic amber. 
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Fig 15.1. Male of Peringueyomyina barnardi Alexander (South Africa). 
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Figs 15.2–4. Wings of Tanyderidae: (2) Peringueyomyina barnardi Alexander, dorsal view ♀; 
(3) same ♂; (4) same, detail of pterostigma, both sexes. 
 
Abbreviations: an lb – anal lobe; CuA – anterior branch of cubital vein; CuP – posterior branch 
of cubital vein; M1 – first branch of media; M2 – second branch of media; M3 – third branch of 
media; M4 – fourth branch of media; R1 – anterior branch of radius; r1 – first radial cell; R2 – 
upper branch of second branch of radius; R3 – lower branch of second branch of radius; R4 – 
upper branch of third branch of radius; R5 – lower branch of third branch of radius; Sc – 
subcosta; sc – subcostal cell. 
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5 Peringueyomyina ♂  6 Peringueyomyina ♂ 
 
 
 
 
  
  
 
7 Peringueyomyina ♂ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
8 Peringueyomyina ♂ 9 Peringueyomyina ♂ 
 
Figs 15.5–9. Male terminalia of Tanyderidae: (5) Peringueyomyina barnardi Alexander, 
terminalia in part, caudal view; (6) same, entire terminalia, lateral view of right side; (7) same, 
terminalia with gonostylus removed, dorsal view; (8) same, phallic structure, caudal view; (9) 
same, lateral view. 
 
Abbreviations: aed – aedeagus; cerc – cercus; ej apod – ejaculatory apodeme; epand – 
epandrium; goncx – gonocoxite; gonst – gonostylus; pm – paramere. 
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Figs 15.10–12. Female terminalia and spermathecae of Tanyderidae: (10) Peringueyomyina 
barnardi Alexander, terminalia ventral view; (11) same, lateral view; (12) same, spermathecae, 
ventral view. 
 
Abbreviations: cerc – cercus; hy vlv – hypogynial valve; spmth – spermatheca. 
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 15 Peringueyomyina 
 
 
Figs 15.13–15. Larval head capsule of Tanyderidae: (13) Peringueyomyina barnardi Alexander, 
dorsal view; (14) same, ventral view; (15) same, lateral view. 
 
Abbreviations: ant – antenna; crd – cardo; ecdys sc – ecdysial scar; frcly apot – frontoclypeal 
apotome; gn – gena; hyps – hypostoma; lbr – labrum; md – mandible; mx plp – maxillary palpus; 
premnt – prementum; stp – stipes; tm – torma. 
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Figs 15.16–18. Larva habitus and terminal segments of Tanyderidae: (16) larval habitus of 
Peringueyomyina barnardi Alexander, dorsal view; (17) same, terminal segments 8 and 9, lateral 
view; (18) same, dorsal view. 
 
Abbreviations: an ppl – anal papillae; p spr – posterior spiracle; prlg – proleg; prth spr – 
prothoracic spiracle; sg – segment. 
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CHAPTER 3 
THE NEOTROPICAL TANYDERID ARAUCODERUS GLORIOSUS (ALEXANDER) 
(DIPTERA, TANYDERIDAE), WITH DESCRIPTION OF THE EGG, LARVA AND 
PUPA, REDESCRIPTION OF ADULTS, AND NOTES ON NATURAL HISTORY 
 
Published in Zootaxa 4158 (3): 325 – 351. 
R. ISAÍ MADRIZ and GREGORY W. COURTNEY 
Department of Entomology, Iowa State University, Ames, IA  50011-3222, USA. 
 
Abstract 
Larvae, pupae and adults of Araucoderus gloriosus (Alexander) were collected during 
fieldwork in Chilean Patagonia, December 2013 and January 2014. Eggs were obtained from 
females that oviposited in captivity. Association of all life stages is based on co-occurrence and 
rearing of individual larvae to adults. A diagnosis for the genus and species is provided.  
Descriptions of the egg, larva and pupa and redescriptions of the male and female are completed.  
Eggs of A. gloriosus are the first described for Tanyderidae. Natural history characteristics for 
this species, including microhabitat, copulatory behavior and oviposition, are discussed. 
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Introduction 
Tanyderidae Osten Sacken 1880 is comprised of 38 extant species divided among 10 
genera, with representatives in the Australasian (21 species), Oriental (three species), 
Afrotropical (one species), Palearctic (six species), Nearctic (four species) and Neotropical (three 
species) regions. 
  Since discovery of the first extant tanyderid (Osten Sacken 1859), information pertaining 
to the natural history of this family has been of great interest, but fragmentary. Except for studies 
by Exner & Craig (1976) and Lukashevich & Scherbakov (2014), most published information 
about tanyderid natural history includes brief mention of habitat or life history (Colless & 
McAlpine 1970; Krzemiński & Judd 1997; Judd 2004) usually in the context of a species 
description (Alexander 1930; Crampton 1930; Wood 1952; Knight 1963; Rose 1963; Podeniene 
& Gelhaus 2013) or geographic range extension (Alexander 1935).   
Information about the reproductive biology of primitive crane flies, particularly regarding 
mating behavior and oviposition, has been hypothetical at best. Knowledge of natural history is 
lacking partly due to sampling difficulties for adults and especially immature stages.  Larvae of 
some species are known to burrow in soft, saturated wood (Hinton 1966; Colless & McAlpine 
1970, 1991; Krzemiński & Judd 1997; Lukasevich & Scherbakov 2014) while others are free 
living in the shallow hyporheic zone of cobble-, gravel- and sand-bottom streams (Alexander 
1930; Crampton 1930; Wood 1952; Knight 1963; Rose 1963; Exner & Craig 1976; Anthon 
1988; Krzemiński & Judd 1997; Judd 2004; Courtney & Merritt 2008; Marshall 2012). A single 
larva of Protanyderus stackelbergi Savchenko (1971) was recorded from a leaf pack (Podeniene 
& Gelhaus 2013), but it is unclear if this is the primary larval habitat for the species. Pupae have 
been found on the damp ridges above the water line of sandy banks of streams and rivers (Wood 
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1952; Knight 1964). Adult tanyderids are rarely collected, cryptic and believed to be short lived, 
which contributes further to a poor understanding of the family.  
Previous descriptions of tanyderid larvae and pupae have been fragmentary (Alexander 
1930; Crampton 1930; Rose 1963; Knight 1963, 1964; Exner & Craig 1976; Anthon 1988; 
Wipfler et al. 2012;  Podeniene & Gelhaus 2013; Lukashevich & Shchervankov 2014, 2016), 
with only three definitive larva–adult associations: Protoplasa fitchii (Alexander 1930; 
Crampton 1930), Peringueyomyina barnardi (Wood 1952) and Tanyderus pictus (Lukashevich 
& Shcherbakov 2016; Madriz unpublished observation). Eutanyderus wilsoni larvae (Colless & 
McAlpine 1970, 1991) and pupae (Hinton 1966) have been identified, but no detailed description 
has been published.  Descriptions of adult tanyderids have been based mainly on wing venation 
and coloration (Alexander 1927), with terminalia descriptions being superficial or absent. 
 Araucoderus Alexander, 1929 is one of three monotypic tanyderid genera in the 
Neotropical region, the others being Neoderus Alexander, 1928 and Tanyderus Philippi, 1865.  
Of these, Araucoderus gloriosus (Alexander 1920) was originally placed in Tanyderus, and later 
Alexander (1927) transferred the species to Radinoderus Handlirsch, 1909.  Subsequently, 
Alexander (1929) proposed Araucoderus as a genus to include A. gloriosus.  Despite the species 
being reclassified multiple times, the immature stages remain undescribed and, aside from wing 
venation, little is known about adult morphology.  Moreover, no information has been recorded 
regarding the natural history of this species. 
 During a recent expedition to southern Chile, we collected specimens of all life stages of 
A. gloriosus and obtained eggs from ovipositing captive females.  Detailed observations were 
made of larval, pupal and adult habitat and behavior.  In the current paper, we redescribe A. 
gloriosus adults, describe its eggs, larvae, and pupae, and provide details of the behavior, habitat 
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and development of the species. This is the first study including complete descriptions of the 
morphology and natural history for all life stages of any tanyderid species.   
 
Material and Methods 
Study Area.  This project focused Chilean Patagonia where samples were taken from 
streams and their riparian vegetation.  Localities ranged from montane to lowland areas between 
latitudes 39°31’N and 48°02’N, including Araucanía (Region IX), Los Ríos (Region XIV), Los 
Lagos (Region X) and Aysén (Region XI) (Fig. 2). 
Material. All life stages of Araucoderus were examined. Most specimens were collected 
between December, 2013 and January, 2014. Additional larval specimens were collected during 
October, 2007. Adult specimens were borrowed from the National Museum of Natural History, 
Smithsonian Institution, Washington, D.C. (USNM).  Voucher collections from the current study 
are deposited in the following: USNM; Academy of Natural Sciences, Philadelphia, PA (ANSP); 
Iowa State Insect Collection, Ames, IA (ISIC); Canadian National Collection of Insects, Ottawa 
(CNCI) and Museo Nacional de Historia Natural, Santiago, Chile (MNNC).  
 Adult specimens were hand-collected or swept from riparian vegetation.  Pupae were 
collected by hand from the wet root mats of marginal vegetation and damp marginal substrata, 
while larvae were collected in kick samples and by hand-picking them from marginal substrata.  
Definitive associations of all life stages are based on rearing of individual larvae to adult 
emergence. Species associations of non-reared adult males and females were based on observed 
copulation and morphological similarity of wings. Association of eggs was based on two 
copulations and resulting eggs from two different females.  
Specimen preparation. Field-collected and reared adults were fixed primarily in 70% or 
95% EtOH, whereas most larvae and pupae were killed either in 95% EtOH or by immersion in 
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hot water and subsequent placement in 95% EtOH. Eggs were preserved in 70% EtOH at 
different times after oviposition to address color changes. Undissected adult specimens and 
remaining dissected structures were dehydrated in a graded ethanol series (95, 100, 100, 100%), 
followed by a graded hexamethyldisilazane (HMDS) series (25, 50, 100, 100%). Morphological 
studies were based on partial- or whole-animal preparations, slide mounts, and scanning electron 
microscope (SEM) micrographs of selected body parts. For selected specimens, the head and 
terminalia were macerated in a solution of cold potassium hydroxide (approximately 10%) and 
slide mounted permanently or temporarily using Canada balsam or glycerin, respectively. 
Light Microscopy. Specimens were observed using an Olympus SZX-9 and SZX-12 
stereo microscopes and a Nikon Eclipse E800 compound microscope, the latter equipped with 
differential interference contrast and both fitted with an ocular micrometer. Drawings were 
rendered with the aid of a drawing tube on both systems. Photomicrographs were captured using 
a Nikon DS-Fi1 mounted interchangeably on both microscopes. Composite images were 
generated using NIS-Elements 3.2 imaging software and edited in Adobe Photoshop® 12.1x64. 
Illustrations and plates were produced using Adobe Illustrator® CS5 15.1.0 and Adobe 
Photoshop® 12.1x64. 
Scanning Electron Microscopy. The head capsule, thorax and genitalia were dissected 
from select adult specimens while the head capsule and anal division were dissected from select 
larval specimens. All material was sonicated in EtOH for 5–10 seconds. After sonication, 
specimens were dried either chemically with HMDS or by using a critical point drier, then 
sputter coated with gold-palladium. Material was examined using a JEOL 5800LV Scanning 
Electron Microscope. 
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Terminology. Larval terminology follows Courtney et al. (2000) and Wipfler et al. 
(2012), with head sensilla numbered from anterior to posterior and dorsal to ventral. Pupal 
terminology follows Borkent (2012). Descriptions of adult morphology follow Cumming & 
Wood (2009). Terminology of the male genital tract follows Borkent & Sinclair (2012). The 
parameres in Tanyderidae are complex, with multiple elements herein referred to as "dorsal 
bridge of paramere", "dorsomedial element of paramere", "parameral lobe at gonocoxite base" 
and "lateromedial element of paramere". Female post abdomen terminology follows Cumming & 
Wood (2009) and (Kotrba 2000). In the material examined section, “instar IV larvae” and 
“pupae" are abbreviated as “L” and “P”, respectively. We use the term “natural history” in 
reference to all observational data. 
 Descriptive Format. Diagnoses of the genus and species are provided. Complete 
descriptions are given for previously unknown life stages and revised descriptions are given for 
adults. When applicable, sample size is provided before each description with measurements in 
millimeters presented as a mean followed by a range in parentheses.  Measurements: Larval 
characters refer to instar IV; total length was measured from the anterior-most part of the outer 
epistomal ridge to the anal aperture. Pupa: total length was from apex of the dorsal apotomal 
tubercle to the apical-most point of terminal fleshy lobes; respiratory organs were measured from 
base to apex. Adult: head width was measured at the point of greatest width of the eyes, and head 
length from the anterior margin of the clypeus to the occiput; leg segments were measured along 
the dorsal margin; approximate wing length and width were measured at the point of greatest 
length and width, respectively. 
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Araucoderus Alexander, 1929 
 
Araucoderus Alexander, 1929: pp. 228. Type species: Tanyderus gloriosus Alexander, by 
original designation. 
 
 
Araucoderus gloriosus (Alexander, 1920)   
 
Tanyderus gloriosus Alexander, 1920: 13: 5.  
Radinoderus gloriosus (Alexander) Alexander, 1927: 189: 9.  
Araucoderus gloriosus (Alexander) Alexander, 1929: 1: 228. 
 
DIAGNOSIS. Egg: elongate-ovoid, white, lacking microsculpture. Larva: cuticle 
translucent, varying from light grey to tan in color; head orange to brown in color; mandible with 
three prominent teeth; endocarina (glandular duct) present; postmentum without teeth, flat to 
convex anteriorly. Pupa: Body elongate, cylindrical; head with tubercles, antennal sheath lying 
between wing margin and midleg; respiratory organs inconspicuous, undivided and tubular; 
abdominal segment VIII with digitiform lobes inserted posterolaterally, posterior to spiracle. 
Male: Cuticle with variegated coloration, light- to dark brown; vestiture light brown; abdominal 
tergites dark brown, with irregular, pale markings anteriorly on either side of median; wing more 
than 14 mm in length, infuscated, with pigment arranged in transverse bands; supernumerary 
cross-veins absent; male terminalia: with varying degree of rotation, usually 90 degrees, 
involving segments 7–9; dorsal bridge of paramere with pair of projections anterolaterally; 
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lateromedial element of paramere with small convex anterior lobe bearing 4–6 setiform sensilla, 
with a dentate mesal lobe set with five dissimilar projections, with a fleshy convex lobe inserted 
proximally, set with many small trichoid sensilla; dorsomedial element “I-shaped”, articulated 
basally with dorsal bridge, articulated apically with lateral ejaculatory processes of aedeagus; 
parameral lobe at gonocoxite base reniform in lateral view, with several prominent setiform 
sensilla inserted subapically; aedeagus trifurcate, with point of trifurcation asymmetrical in 
dorsal view in some specimens; phallotrema flared slightly.  Female: coloration, head, thorax, 
legs and wings as in male; spermatheca pyriform; ducts uniformly sclerotized, annulated and 
unpigmented.  
 
 DESCRIPTION.  See also Alexander (1920).  Egg (Figs. 4–6): elongate-ovoid, white, 
lacking microsculpture; micropile not evident; laid in clusters of 10 or more. Larva IV instar 
(Figs. 7–21, 49, 50, 52, 53): Measurements (n = 3), total length 31.34 mm (30.43–32.20), head 
width 1.35 mm (1.33–1.43), head length 1.67 mm (1.58–1.80). Head capsule ovate, heavily 
sclerotized anteriorly, dorsoventrally compressed, rounded posteriorly, partially retracted into 
prothorax; stemmata not apparent; primordial adult eye well-developed; frontoclypeal apotome 
(frcly ap; Figs. 11, 16) somewhat pentagonal in shape, enclosed by frontal sutures; coronal suture 
visible medially on posterior 1/3 of the head; mesal endocarina (ec; Fig. 11, 16) ending medially 
on anterior clypeal margin; anterior clypeal margin (acm; Fig. 11, 16) composed of two pairs of 
undifferentiated lobes, medial pair elongate-transverse, lateral pair bulbous; labrum as broad as 
medial endocarinal lobes combined, broad, fleshy, somewhat dorsoventrally compressed; 
paraclypeal setae paired (s 3, s 4; Fig. 11); labral sclerite with paired setiform sensilla widely 
separated (s 2; Fig. 11); palatal brush (pb; Figs. 12–14,18) with paired setiform sensilla inserted 
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dorsally (s 1; Fig. 11); antenna (ant; Figs. 10, 12, 18, 20) inserted anterolaterally; base partially 
shrouded by epicondyle (econ; Figs. 11, 16, 20); two-segmented, basal segment more than twice 
the length of distal segment; apical segment with at least six inconspicuous, two conspicuous 
sensilla basiconica inserted apically (aps; Fig. 10); mandibles (md; Figs.  7, 12, 14, 16, 18, 20) 
well developed, symmetrical, pyramidal in shape, scoop-like, with three dentations apically; 
middle dentation projecting beyond others; oral surface of mandible with well-developed 
prosthecal brush dorsally, two setiform sensilla ventrally, adoral surface with two sensilla 
basiconica (s 12, s 13; Fig. 12), anterior condyle well developed; maxillary stipes with one 
prominent digitiform sensilla anterodorsally (s 21; Fig. 7), with cluster of microtrichia 
posteroventrally; galea  globular (mxg; Figs. 7, 8, 12, 18), partially sclerotized, with three apical 
setiform sensilla (s 18, s 19, s 20; Figs. 7, 8); lacinia elongate (mxl; Figs. 7, 8, 12, 18), covered 
with microtrichia adorally, bearing one seta (s 22; broken in Fig. 9) anterolaterally;  maxillary 
palpus (mxp; Figs. 7–9, 12, 18, 20) unsegmented, cylindrical, slightly longer than wide, set with 
many sensilla basiconica apically, with apical sensilla globose to digitiform, arranged in whirls; 
cardo (mxc; Figs. 7, 8, 12, 18) with three setiform sensilla (s 24–s 26; Fig. 8), separated from 
stipes (mxs; Figs. 8, 12, 18) by cardostipital ridge; postmentum (lmpo; Figs. 8, 12, 13, 18) 
heavily sclerotized, quadrate basally, with anterior margin straight or slightly emarginated, 
concave; postgenal bridge (pbr; Fig. 13) complete; prementum (lmpr; Figs. 7, 12–14,18) with 
saddle-shaped sclerite apically; labial palpus (lmp; Figs. 7, 14) cylindrical, sclerotized, with six 
digitiform sensilla apically, two almost twice as long as the rest; glossae inconspicuous, (lmg; 
Fig. 7) conical; hypopharynx (hy; Figs. 7, 13, 14) cushion-like, with semicircular sclerite 
dorsally; pharyngeal filter (ph fi; Fig. 13), housed within pharynx (ph; Fig. 13) well developed, 
supported by two narrow, sclerotized oral arms originating from hypopharynx. Thoracic 
34 
 
segments (pro, mes, met; Fig. 15) equal in length, each bearing ten transverse, equally spaced 1–
4 branched setae dorsally, four 2–4 branched setae laterally and six clusters of 1–3 branched 
setae ventrally; prothorax bearing pair of well-developed spiracles laterally (a spir; Fig. 15), pro- 
and mesothorax slightly differentiated by tenuous intersegmental constriction; metathorax with 
circular and pad-like lobes ventrally. Abdominal segments (aI–aVIII & aA; Fig. 15) with distinct 
intersegmental constrictions; abdominal segments I–IV with circular lobes ventrally, two simple 
setae, one bifurcated seta posterolaterally; segment VIII with one pair of posterior spiracles (p 
spir; Figs. 15, 17, 21), one pair of elongate, annulated filaments extending beyond anal division; 
filaments with evenly spaced simple setae posteriorly; anal division (aA; Figs. 15, 17, 19, 21) 
with one pair of elongate, annulated filaments dorsally, one pair of prolegs (pran; Figs. 19, 21) 
ventrally; prolegs each with elongate, annulated filament inserted dorsoapically, with two rows 
of retractile hooks apically, basal row with 11–13 hooks, apical row with 12–13 slightly longer 
hooks; anal papillae (ap; Figs. 15, 17, 19, 21) elongate-digitiform, twice the length of extended 
prolegs. Pupa: Male: Measurements (n = 1), total length 18.40 mm, respiratory organ 0.50 mm 
(ro; Figs. 23, 25). Body (Figs. 22–25, 51) elongate, cylindrical, with cephalothorax 
circumference slightly larger than abdomen; mouthparts and thoracic appendages fused to each 
other and to remainder of cephalothorax. Head with tubercles; dorsal apotome (da; Figs. 23, 25) 
apically with single sensilla (s da; Fig. 22, 24), apotome ventrally abutting anterior margin of 
face; cephalic sclerite with one seta, sclerite fused anterolaterally to orbital portion of head 
capsule; antenna (ant; Figs. 22, 24) extending posteriorly to between wing margin and midleg; 
clypeal apotome with pair of sensilla inserted basally; mouthparts restricted to area anterior of 
forecoxae; apex of labrum (lbr; Figs. 22, 24) truncate; mandible present, maxilla absent; palpus 
(plp; Figs. 22, 24) directed obliquely anterolaterally; labella divided medially; sensilla: setae 
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arising from lobes; dorsal apotomals bilobed. Thorax: respiratory organ tubular, with numerous 
annulations, pores concentrated at apex; legs (pro leg, mes leg, met leg; Figs. 22–24) directed 
posteriorly, with tarsi extending posteriorly beyond wing apex, lying parallel to each other; 
metanotum (met; Fig. 22) undivided medially, haltere (htl; Fig. 22) extended posterolaterally 
before  anterolateral margin of abdominal tergite 2 (aII; Figs. 23, 25). Abdomen: circular in 
cross-section; tergites I–VIII with setae arranged in transverse rows on sclerotized bands bearing 
small coniform tubercles; pleurites II–VII with setae arranged in one caudal longitudinal row of 
three setae and one seta inserted in medial tubercle, adjacent to spiracle; sternites I–VIII with one 
pair of setae inserted posteriorly;  segment VIII with posterolateral fleshy lobes bearing two setae 
posteriorly to spiracle; Segment IX (aIX; Figs. 23,25) without setae, a pair of posterior 
dorsomedial fleshy lobes present; terminal process apically tapered in both sexes. Female: 
Measurements (n = 1), total length 23.52 mm, respiratory organ 0.57 mm. In other details, same 
as male. Male (Figs. 1, 26–29, 32–38, 46):  Measurements (n = 5), total length 14.66 mm 
(12.48–17.28); head length 1.48 mm (1.42–1.56); head width 1.22 mm (1.16–1.30); palpus 
length 1.54 mm (segment length average 0.15–0.24–0.57–0.31–0.32); clypeus length 0.41 mm 
(0.40–0.44); clypeus width 0.37 mm (0.35–0.39); wing length 15.82 mm (14.14–18.08); wing 
width 3.75 mm (3.35–4.05).  Head with mandible and maxilla poorly developed (md, mx; Fig. 
27); antenna with scape and pedicel glabrous, each with several setiform sensilla inserted 
distally; scape cylindrical (scp; Figs. 27, 28), slightly larger than pedicel; pedicel spherical (ped; 
Figs. 27, 28); flagellomeres numbering 15, all elongate, more than 3 times longer than wide, 
cylindrical; f 1 slightly longer than f 2; f 3–14 each with 4–5 trichoid sensilla inserted near base 
of flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–15 each with 
several basiconic sensilla throughout; f 15 with 3 trichoid sensilla inserted apically. Cervical 
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sclerites more than two times longer than wide. Wing (Figs. 30, 31) held away from body at 
angle in live resting individual; infuscate, with three transverse bands of pigment, basal-most 
band extending from h vein to posterior wing margin and slightly beyond proximal area of anal 
loop, medial band extending from midlength of Sc vein to posterior edge of C vein at distal end 
of anal lobe, passing through r-m and m-cu; apical-most band touching C vein on both sides of 
wing, appearing as an “X” from anterior margin of wing to apices of R4, M2; costal cell yellow in 
color; cell r1 with two isolated, irregular, infuscated spots, one midlength of vein Rs and a second 
spot at cell apice; other spots, when present, variable among individuals. Halteres pale yellow at 
base, dark at apex. Legs light to dark brown, darker at both ends: Tibial spurs 0–2–2, 
symmetrical. Abdomen: segment I less than half as long as next segment, causing abdomen to 
droop ventrally; tergites dark brown with large irregular pale yellow markings basally on either 
side of medial line, each with dark yellow ovoid pattern centrally, basally. Terminalia (Figs. 32–
38) with torsion of segments 7–9 variable from 0 to 180 degrees; gonocoxites (goncx; Figs. 32, 
33, 36–38) narrowly contiguous at base (Fig. 33), divergent from each other at origin, each 
nearly cylindrical, tapering slightly toward apex; setiform sensilla or setae alveoli distributed 
over dorsal, ventral and lateral surface, absent mesally; gonostylus (gonst; Figs. 32, 33, 36) 
cylindrical, about 2/3 length of gonocoxite, slightly tapering at apex, curved medially, with 
prominent setae alveoli evenly distributed over surface, hirsute apically; hypandrium not evident; 
epandrium (epand; Figs. 32, 36–38) slightly wider than long, with setae alveoli distributed over 
entire surface; proctiger recessed anteriorly, nested within epandrium; cercus (cerc; Figs. 37, 38) 
inconspicuous, unmodified, setose; paramere subdivided into dorsal bridge (pm db; Fig. 37), 
lateromedial element (pm lme; Figs. 36–38), dorsomedial element (pm dme; Fig. 37, 38) and 
parameral lobe at gonocoxite base (pm gbl; Figs 32, 33, 37, 38); dorsal bridge arch-shaped, with 
37 
 
a pair of small projections anterolaterally; lateromedial element broadly interconnected with 
gonocoxite anteromesally, divided into three prominent lobes, anterior lobe small, convex, with 
4–6 setiform sensilla, mesal lobe dentate, with five dissimilar projections, with fleshy convex 
lobe proximally bearing many small trichoid sensilla; dorsomedial element “I-shaped”, 
articulated basally with dorsal bridge, articulated apically with lateral ejaculatory processes of 
aedeagus; parameral lobe at gonocoxite base reniform in lateral view, with several prominent 
setiform sensilla inserted subapically, many smaller trichoid sensilla inserted on entire surface; 
ejaculatory apodeme (ej apod; Figs.  32–35, 38) extending anteriorly to abdominal segment 7 
terminus, laterally compressed, clavate at base, with surface corrugated; sperm sac (spm sac; 
Figs. 34, 35) balloon-like, surrounded by aedeagus posteriorly, attached to ejaculatory apodeme 
anteriorly; aedeagus (aed; Figs. 32–38) narrowed abruptly at base, trifurcated at midlength; point 
of trifurcation asymmetrical in dorsoventral view; phallotrema flared slightly, placed between 
cerci when at rest; testes (tes; Figs. 32–35, 38) pyriform, rounded anteriorly, differentiated from 
vasa deferentia only by width, shape; vasa deferentia (v d; Figs. 34, 35), testes rugose in 
appearance; ejaculatory duct (ej dt; Figs. 34, 35) lightly sclerotized, entering sperm sac through 
ejaculatory apodeme foramen. Female (Figs. 39–45):  Measurements (n = 3), total length 21.02 
mm (19.20–24.48); head length 1.51 mm (1.25–1.72); head width 1.23 mm (1.14–1.38); clypeus 
length 0.47 (0.37–0.55); clypeus width 0.40 (0.35–0.47); palpus length 1.80mm (palpomere 
length average 0.11–0.34–0.66–0.32–0.36); wing length 18.56 mm (16.15–22.08); wing width 
4.92 mm (4.00–5.96).   Head with eyes as in male; mandible and maxilla twice as long as wide; 
antenna as in male. Wing as in male.  Terminalia with posterior margin of sternite VIII broadly 
bilobate, strongly emarginate medially, emargination with “square U” shape; genital fork (gen 
fk; Figs. 40, 42, 43, 44) transversely elongated posteriorly, more than eight times longer than 
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wide, “Y”-shaped medially, acuminate anteriorly; spermatheca numbering three; corpora ovoid, 
with visible necks; spermathecal ducts annulated and uniformly sclerotized, more than twice as 
long as corpora, unpigmented. 
 DISTRIBUTION.  Araucoderus is restricted to Patagonia. All confirmed records lie 
between latitudes 38°31’S and 48°02’S, ranging in altitude from 2 to 1700masl. A survey of the 
central regions of Chile yielded no specimens. There is one published Araucoderus record from 
Argentina (Alexander, 1959). 
 TYPE MATERIAL.  Chile. Región XI (Aysén): Holotype m#: Chile Rio Aysén, 
approximately, coll. P. Dusen, no date given; the specimen is deposited in two museums. 
Naturhistoriska Riksmuseet Stockholm, Sweden (NHRM) and the USNM. The latter possesses 
only the wing, antenna and middle leg. Only the USNM material was examined during the 
current study. 
 OTHER MATERIAL EXAMINED.  See Figure 2.  Chile. Región IX (Araucanía): Estero 
el Rosario @ confluence with Estero la Cascada 39°23’12.93”S 71°41’46.27”W, 710masl, 
3.x.2007, coll. G.W. Courtney, [2L]; Villarica N.R. Río Quelhue @ northeast side Lago 
Villarrica 39°14.134’S 71°57.758’W, 230masl, 29.xi.2013, coll. R.I. Madriz, on riparian 
vegetation [1♂]; Río Blanco Sur, downstream from Conguillío Road 38°31’16.62”S 
71°50’17.70”W, 601masl, 19.xii.2013, coll. G.R. Curler, riparian vegetation [1♀]. Región XIV 
(Los Ríos): Estero Truful @ Hwy 203 crossing 39°49’29.97”S 71°59’53.63”W, 230masl, 
4.xii.2013, coll. R.I. Madriz [3♂]. Región X (Los Lagos): Casa Pangue Llanquihue, 4.xii.1926, 
coll. E.S. Shannon [1♂]; Ensenada, Llanquihue, 2.i.1937, coll. E.C. Reed [1♂]; Llanquihue 
Hornohuinco, xii.1968, coll. L.E. Pena [1♂]; Lago Puyehue southeast shore, 10.ii.1978, coll. 
W.N. Mathis [1♂]; Osorno Prov. Laguna el Espejo, 7.ii.1978, col. W.N. Mathis [1♂]; Palena Río 
39 
 
Amarillo ca. 28km southeast Chaitén, 23.i.1987, coll. C.M. & O.S. Flint, Jr., [1♂]; Llanquihue 
Prov. Río del Este @ Río Cochamó, 5km east Cochamó 41°30’S 72°16’W, 2–4.ii.1998, coll. 
N.E. Woodley [9♂]; Prov. Llanquihue, {Cayutue} near Ralún 41°14’S 72°16’W, 12.ii.1998, 
coll. N.E. Woodley [2♂]; Puyehue N.P., Río Anticura above Salto Río Anticura, 40°40’16.14”S 
72°10’12.88”W, 395masl, 4.xii.2008 coll. G.W. Courtney [1♂]; Puyehue N.P., Río Anticura 
above Salto Río Anticura, 40°40’16.14”S 72°10’12.88”W, 395masl, 6.xii.2013, coll. R.I. Madriz 
[1♂]; Puyehue N.P., Sendero Pudú 40°40’15.1”S 72°10’11.6”W, 393masl, 9.xii.2013, coll. S. 
Marshall & G.W. Courtney [1♂]; Río Blanco @ Puente Río Blanco Arenales 41°03’04.6”S 
72°39’46.8”W, 69masl, 9&13.xii.2013, coll. R.I. Madriz & G.W. Courtney  [2L, 1P, 2♂, 1♀]; 
Puyehue N.P., Río Colorado @ Puente Arauco Sendero de Chile 40°40’15.5”S 72°08’43.9”W, 
467masl, 10.xii.2013, coll. R.I. Madriz, G.W. Courtney & G.R. Curler [10L, 1P, 13♂,1♀]; Small 
creek ≈7km above Ralún on road to Cayetué 41°19’50.7”S 72°16’30.1”W, 240masl, 12.xii.2013, 
coll. R.I. Madriz & G.W. Courtney [6L, 5 ♂]; Cayetué Road, small creek ≈ 5.5k above Ralún 
41°20'20.89"S 72°16'23.40"W, 150masl, 13.xii.2013, coll. G.W. Courtney, riffle kick sample 
[5L]; Río Pedregoso @ Puente Pedregoso 41°20’12.9”S 72°24’27.3”W, 55masl, 13.xii.2013, 
coll. R.I. Madriz [3♂]; Río Blanco @ Puente Río Blanco, 40°58’36.5”S 72°35’01.9”W, 
242masl, 14.xii.2013, coll. R.I. Madriz [2♂]; Río Blanco @ Puente Río Blanco 41°00’30.2”S 
72°34’13.9”W, 330masl, 14.xii.2013, coll. R.I. Madriz [2♂]; Río Llaquepe @ Puente Llaquepe 
41°43’43.9”S 72°28’51.4”W, 33masl, 15.xii.2013, coll. R.I. Madriz  [1 ♀]; Río Negro 
Chaqueihua 0.5km N of intersection to Hornopirén N.P. 41°55'38.2"S 72°25'19.6"W, 39masl, 
15.xii.2013, coll. R.I. Madriz & G.W. Courtney [4L, 1♂, 1♀]; Río la Arena @ Puente la Arena 
42°00’03.6”S 72°26’11.8”W, 32masl, 16.xii.2013, coll. R.I. Madriz  [1P, 1 ♂]; Río Santa Juanita 
@ Puente Santa Juanita 42°07’38.1”S 72°27’54.8”W, 32masl, 16.xii.2013, coll. R.I. Madriz 
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[2♂]; Río Pichicolo southwest Hornopirén 41°59’07.7”S 72°33’51.7”W, 19masl, 17.xii.2013, 
coll. G.W. Courtney  [3L];  Región XI (Aysén): Creek crossing @ highway 7 46°14’46.0”S 
72°47’31.9”W, 273masl, 27.xii.2013, coll. R.I. Madriz  [1♂]; West of intersection to Caleta 
Tortel 47°46’48.1”S 73°19’00.2”W, 51masl, 26.xii.2013, coll. R.I. Madriz   [11♂, 3♀]; Creek @ 
road to Ventisquero Mont 6km south of intersection to Villa O’Higgins 48°02’58.7”S 
73°07’52.7”W, 74masl, 25.xii.2013, coll. R.I. Madriz  [1♂]. 
NATURAL HISTORY.  Habitat. All larvae were collected in water temperatures from 4 
to 11°C, with most sites closer to 4°C. The riparian zone of inhabited streams varied from dense 
forest to sites with little to no riparian cover (Fig. 3). Collection sites typically had coarse gravel 
to rocky substrata, with submerged wood either sparse or abundant. Some sites had diagonal and 
mid-channel gravel bars. Substrata often contained abundant detritus. Stomach contents of 
captured specimens suggest Araucoderus larvae feed on fine particulate organic matter. 
Captive reared larvae became increasingly active a few days prior to pupation, possibly in 
search of a suitable pupation site. During morning field collections, larvae were sometimes found 
crawling on the surface of the marginal substrate. Captive individuals became increasingly active 
during the morning from 0900–1100hrs.  In the field, mature larvae were often found beside a 
rock that was much larger than the larva, sometimes partially buried in the contiguous sandy 
substrata (Fig. 52).  
Resting behavior of adults. In both the field and laboratory, we observed no A. gloriosus 
adults resting on horizontal surfaces. The few specimens found on sloped surfaces used their 
tibial spurs as the main point of support. In the field, most adults were found on the underside of 
broad leaves in the riparian zone or among exposed roots of undercut river banks in the same 
general location as larvae (Figs. 46–53), sometimes more than 10 m away from the stream. 
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Among the most common resting sites were the undersides of leaves of Gunnera sp., Chusquea 
sp., or Fuschia sp. A few individuals of both sexes were found under bridges, between the 
gabions armoring bridge abutments or on vertical surfaces of rocks and logs. A morphological 
study of the tarsal segments in A. gloriosus revealed similarities to those of Mischoderus 
Handlirsch, 1909 (Friedemann et al. 2014) and suggests that specific tarsal attachment devices 
are not required for the observed resting behavior in Araucoderus and Mischoderus. 
Mating behavior (Fig. 54). On December 13th 2013, a male and female of A. gloriosus 
were captured and kept alive in a clear container for further observation. Within 30 minutes of 
capture, the flying male collided several times with the vertically resting female, until coming to 
rest on the vertical wall of the enclosure side by side. Soon after, the male flexed the abdomen 
laterally, clasped the female abdomen at mid-length and guided its posterior end toward that of 
the female using an alternate constricting motion of the gonopods until their terminalia were 
aligned somewhat perpendicular. The male subsequently turned 180°, displaying a tail to tail 
copulation position. The copulation event was brief (10–20 seconds), followed by the male 
dislodging from the female. Neither individual showed further interest toward the other. The 
same female was observed copulating again several days after the first event. During the second 
copulatory event, three males were kept in the same enclosure. 
During observed copulations, the apical tarsal segment of the foreleg was not used to 
hold the female, which disagrees with the general mechanism proposed by Hennig (1968). In 
fact, our observations suggest the female is restrained entirely by the gonopods. The only 
previous account of tanyderid mating position (Borkent et al. 2008) suggested a generalized 
orientation in which the mating position after landing was tail to tail while both individuals are 
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standing up. This agrees with our observations except that Araucoderus was unable to stand 
freely on a horizontal surface. 
Our observations of mating in Araucoderus show some similarities with the copulatory 
behavior of Sycorax silacea Curtis, 1839 (Psychodidae) described by Jung (Jung 1956 p.119) 
“… The male stands on the side of the female, with the body directed in the same direction as 
her. Suddenly he turns rapidly backwards with open claspers onto the female's abdomen. If the 
copulation succeeds, both animals stand for about 5 minutes calmly, forming a straight line with 
their bodies.”  This observation may be a coincidence, but could be additional evidence 
supporting a close relationship between Tanyderidae and Psychodidae. Furthermore, Jung’s 
(1956) observations for S. silacea may also characterize the mating behavior of the Neotropical 
psychodid Aposycorax chilensis Tonnoir, 1929, which exhibits similar behavior and morphology 
such as short flight pattern, resting in a hanging position and 90° rotation of the male genitalia 
(Curler et al. 2015). 
 Oviposition. Clusters of eggs (Fig. 4–6) were laid on water droplets on the enclosure 
floor.  
Night collections. Previous nocturnal collections of some tanyderids suggest a correlation 
of flight activity with sunset and evening hours (Judd 2004). Furthermore, black- or incandescent 
lights can attract some species of Protanyderus Handlirsch (1909), Protoplasa Osten Sacken, 
1859 and Mischoderus (Krzemiński & Judd 1997; Judd 2004; Courtney unpublished 
observations). During our 2013-2014 expedition, black-light sampling was conducted at different 
times throughout the night, in areas where immature and adult Araucoderus were present during 
the afternoon. However, these efforts yielded no adult specimens, suggesting that Araucoderus is 
not attracted to black lights. On one occasion, with no A. gloriosus adults approaching the light 
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and no flight activity observed during sunset hours, a subsequent search of the marginal 
vegetation revealed nearly two dozen resting A. gloriosus adults. Based on our observations, 
Araucoderus adults may be most active during the morning hours.  
Predation. Mid-air predation of adult Araucoderus was observed by a swallow 
(Passeriformes: Hirundinidae) and a dragonfly (Odonata: Anisoptera). Although no predation of 
larvae or pupae was observed, we found a dead mature pupa parasitized by over two dozen larval 
Phoridae. 
Discussion 
A lack of information about the habitat, behavior, and life history of tanyderids has 
hampered our understanding of the family and presumably contributed to the scarcity of 
collection records. In addition to new information on morphology and a redescription of 
Araucoderus gloriosus, this study has provided valuable new information on the natural history 
of a tanyderid. It is our hope that the data and observations presented here will ultimately lead to 
additional collections, information, and insights on the biology of these unusual flies.  
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Fig 1. Araucoderus gloriosus (Alexander) male habitus, dorsal view. 
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Fig 2. Distribution of Araucoderus. 
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Fig 3. Araucoderus habitats in Chile. a. Puyehue N.P., Rio Colorado; b–d. Aysén Province, 
unnamed creeks; e. Rio Negro near Hornopirén; f. Small creek above Ralún.  
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Figs 4−6. Araucoderus gloriosus eggs. 4. Egg cluster. 5. Single egg with chorion. 6. Single egg 
without chorion. Scale bars = 0.20 mm 
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Figs 7−10. Head capsule parts of Araucoderus sp. 7. Primary right mouth parts frontal view with 
apical part of the mandible removed. 8. Left mouth parts ventral view (some labeled setae broken 
or missing). 9. Right maxillary palpus with seta broken off. 10. Left antenna posterodorsal 
oblique view.  
 
Abbreviations: aps = apical sensillum; as2 = antennal segment #2; hy = hypopharynx; lmg = 
glossae; lmp = labial palpus; lmpo = postmentum; lmpr = prementum; md = mandible; mxc = 
cardo; mxg = galea; mxl = lacinia; mxp = maxillary palpus; mxs = stipes; s 18–26 = seta, #18–
#26. Scale bar 7=0.20 mm (7 & 8), 0.05 mm (9), 0.20 mm (10) 
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Figs 11−12. Head capsule of Araucoderus sp. 11. Anterodorsal view. 12. Frontal view.  
Abbreviations: acm = anterior clypeal margin; ant = antenna; atg = anterior tentorial groove; crs 
= coronal sulcus; ec = endocarina; econ = epicondyle; frcly ap = frontoclypeal apotome; fs = 
frontal suture; gen = gena; lmpo = postmentum; lmpr = prementum; lr = labrum; md = mandible; 
mxc = cardo; mxg = galea; mxl = lacinia; mxp; maxillary palpus; mxs = stipes; pb = palatal 
brush;  s 12–13 = seta, #12–#13. Scale bars = 0.50 mm  
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Figs 13−14. Araucoderus sp. 4th instar larva saggital cross section of head capsule. 13. 
Complete head capsule. 14. Mouth parts close up.  
Abbreviations: ep = epipharynx; esph = esophagus; hy = hypopharynx; lmp = labial palpus; lmpo 
= postmentum; lmpr = prementum; md = mandible; pb = palatal brush; pbr = postgenal bridge; 
ph = pharynx; ph fi = pharyngeal filter; sd = salivary duct. Scale bars = 0.20 mm  
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Figs 15−21.  Araucoderus sp. 4th instar larva. 15. Habitus dorsal view. 16. Head capsule dorsal 
view.  17. Anal division dorsal view. 18. Head capsule ventral view.  19. Anal division ventral 
view. 20. Head capsule lateral view.  21. Anal division lateral view.  
 
 Abbreviations: a spir = anterior spiracle; acm = anterior clypeal margin; ant = antenna; aA = 
anal division; ap = anal papillae; crs = coronal sulcus; ec = endocarina; econ = epicondyle; frcly 
ap = frontoclypeal apotome; gen = gena; lmpr = prementum; lmpo = postmentum; lr = labrum; 
md = mandible; mes = mesothorax; met = metathorax; mxc = cardo; mxg = galea; mxl = lacinia; 
mxp; maxillary palpus; mxs = stipes; p spir = posterior spiracle; pb = palatal brush; pran = anal 
proleg; pro = prothorax; aI–aVIII = abdominal segments I–VIII. Scale bars = 1.00mm 
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Figs 22−23. Araucoderus gloriosus (Alexander) pupa. 22. Habitus lateral view. 23. Head & 
thorax lateral view.   
Abbreviations: aI–aIX = abdominal segments; ant = antenna; clyp = clypeus; da = dorsal 
apotome; eye = eye; htl = haltere; met leg = hind leg; lab = labium; lbr = labrum; mes = 
mesonotum; mes leg  = mid leg; met = metanotum; plp = palpus ; pro leg = foreleg; ro = 
respiratory organ; s clyp-lbr = clypeal-labral setae; s da = dorsal apotomal setae; s oc = ocular 
setae; wg = wing; l-1–4-IV = segment 4 sensilla #1–#4. Scale bars = 0.01 mm 
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Figs 24−25. Araucoderus gloriosus (Alexander) pupa. 24. Habitus ventral view. 25. Head & 
thorax ventral view.   
Abbreviations: ant = antenna; clyp = clypeus; da = dorsal apotome; eye = eye; lab = labium; lbr 
= labrum; mes leg = mid leg; met leg = hind leg; plp = palpus ; pro leg = foreleg; ro = respiratory 
organ; s clyp-lbr = clypeal-labral setae; s da = dprsa; apotomal setae; s oc = ocular setae; wg = 
wing; aII–aIX = abdominal segments. Scale bars = 0.01 mm 
57 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs 26−29. Araucoderus gloriosus (Alexander) adult male head capsule with flagellomeres 2–
17 removed. 26. Lateral view. 27. Lateral view. 28. Dorsal view. 29. Ventral view.  
Abbreviations: cerv scl = cervical sclerite; clyp = clypeus; comp eye = compound eye; flgm 1 = 
flagellomere #1; hyphar = hypopharynx; lab = labium; lbl = labellum; lbr = labrum; md = 
mandible; mx = maxilla; ped = pedicel; plp = palpus; pstm = postmentum; scp = scape. Scale 
bars = 0.10mm 
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Figs 30−31. Araucoderus gloriosus (Alexander) wing. 30. With pigmentation. 31. Without 
pigmentation, veins and cells indicated.  
Abbreviations: anal lobe = anal lobe; bc = basal costal cell; bm = basal medial cell; bm-m = 
basal medial-medial crossvein; br = basal radial cell; c = costal cell; C = costal vein; cua = 
anterior cubital cell; CuA = anterior branch of cubitus vein; cup = posterior cubital cell; CuP = 
posterior branch of cubitus vein; d = discal cell; h = humeral crossvein; m-m = medial crossvein; 
m1, m2, m3, m4 = medial cells; M1, M2, M3, M4 = distal branches of medial vein; MA = anterior 
branch of medial vein; r-m = radial-medial crossvein; r1, r2, r3, r4, r5 = radial cells; R1, R2, R3, R4, 
R5 = distal branches of radius; Rs = radial sector vein; sc-r = subcostal-radial crossvein; sc = 
subcostal cell; Sc = subcosta vein; Stm = stem vein 
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Figs 32−35.  Araucoderus gloriosus (Alexander) male terminalia and genital tract. 32. Epandrial 
view. 33. Hypandrial view.  34. Hypandrial view. 35. Lateral view.  
 
Abbreviations: aed = aedeagus; ej apod = ejaculatory apodeme; ej dt = ejaculatory duct; epand = 
epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at gonocoxite base; 
spm sac = sperm sac; tes = testis; v d = vas deferens. Scale bars = 0.1mm 
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Figs 36−38.  Araucoderus gloriosus (Alexander) male terminalia. 36. Caudal view. 37. Caudal 
showing paramere details. 38. Lateral view.  
Abbreviations; aed = aedeagus; cerc = cercus; ej apod = ejaculatory apodeme; epand = 
epandrium; goncx = gonocoxite; gonst = gonostylus; pm db = dorsal bridge of paramere; pm 
dme = dorsomedial element of paramere; pm gbl = paramere lobe at gonocoxite base; pm lme = 
lateromedial element of paramere; tes = testes. Scale bar = 0.10mm 
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Figs 39−42.  Araucoderus gloriosus (Alexander) female. 39. Terminalia ventral view. 40. 
Terminalia ventral view labeled. 41. Terminalia lateral view. 42. Terminalia lateral view labeled.  
Abbreviations: acc gl = accessory gland; cerc = cercus; dig trk = digestive tract; gen fk = genital 
fork; gen op = genital opening; gp = genital papilla; hyp vlv = hypogynial valve; spmth = 
spermatheca; st 7–st 10 = sternites #7–#10; tg 7–10 = tergites #7–#10. Scale bars = 1.00 mm 
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Figs 43−44.  Araucoderus gloriosus (Alexander) female internal genitalia. 43. Internal genitalia 
ventral view. 44. Internal genitalia lateral view.  
Abbreviations: acc gl = accessory gland; gen fk = genital fork; spmth = spermatheca. Scale bar = 
0.10mm 
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Fig 45.  Araucoderus gloriosus (Alexander) female. 45. Head capsule lateral view.  
Abbreviations: cerv scl = cervical sclerite; clyp = clypeus; comp eye = compound eye; flgm 1= 
flagellomere #1;  hyphar = hypopharynx; lab = labium; lbl = labellum; lbr = labrum; md = 
mandible; mx = maxilla; ped = pedicel; plp = palpus; scp = scape. Scale bar = 0.10mm 
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Figs 46–53.  Araucoderus gloriosus (Alexander) live individuals. 46. Male holding onto 
underside of riparian vegetation. 47. Female resting vertically on log. 48. Female resting in 
interstitial space of bridge abutment. 49 & 50. Larvae starting to burrow into substrate. 51. Pupa 
lateral view. 52. Larva burrowed into wet river bank. 53. Larva crawling onto river bank. (Fig. 
46 © S.A. Marshall; Figs. 47, 49–51 © G.W. Courtney).  
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Fig 54. Araucoderus gloriosus (Alexander) mating sequence with wings removed. Sexes are 
distinguished by male and female symbols (♂ ♀). 
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Table 1. Leg segment measurements for adult males and females of Araucoderus gloriosus  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.15 (5.59–6.70) 7.30 (6.10–8.50) 7.95 (7.00–8.90) 
 tibia  8.55 (8.00–9.10) 8.58 (7.70–9.85) 10.10 (9.10–11.50) 
 tibial spur  0.31 (0.28–0.35) 0.32 (0.30–0.35) 0.34 (0.31–0.39) 
 tarsus 1 8.40 (7.80–9.00) 6.60 (5.40–7.30) 6.62 (5.50–7.85) 
  2 2.58 (2.20–2.95) 2.37 (1.80–2.85) 2.36 (1.90–2.88) 
  3 1.05 (1.00–1.10)  1.61 (0.97–2.60) 1.27 (1.09–1.40)  
  4 0.53 0.68 (0.57–0.80) 0.60 (0.57–0.66) 
  5 0.65 (0.58–0.73) 0.68 (0.58–0.80) 0.58 (0.53–0.63) 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.90 (6.00–7.80) 7.73 (6.70–9.28) 8.32 (6.90–9.75) 
 tibia  9.23 (8.20–10.00) 8.92 (7.70–9.60) 10.59 (9.2–11.52) 
 tibial spur  0.39 (0.33–0.48) 0.34 (0.28–0.42) 0.38 (0.35–0.42) 
 tarsus 1 7.00 (6.30–7.40) 5.60 (5.20–5.80) 5.73 (5.10–6.20) 
  2 2.01 (1.00–2.60) 2.10 (1.92–2.25) 2.19 (2.08–2.30) 
  3 1.26 (1.11–1.41)  1.25 (1.16–1.35) 1.25 (1.13–1.47)  
  4 0.65 (0.53–0.72) 0.65 (0.55–0.73) 0.68 (0.60–0.77) 
  5 0.70 (0.61–0.78) 0.67 (0.61–0.72) 0.70 (0.65–0.81) 
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Abstract 
 Neoderus Alexander (Diptera: Tanyderidae) is revised to include two species, one new, 
Neoderus chonos Madriz sp. nov. Adults of N. chonos were collected in January 2016 from two 
sites in Chilean Patagonia. Specimens were found on the outside walls of an abandoned structure 
during late afternoon.  This paper provides a diagnosis of adult Neoderus, redescription of N. 
patagonicus Alexander, and description of Neoderus chonos sp. nov., including the first male 
description of the genus. Habitat characteristics, known distribution and historical information 
for the new species are also discussed, and a generic key to adults of world Tanyderidae is given. 
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 Key Words:  Aysén, Patagonia, Neoderus, Tanyderidae, Albatross Research Vessel, 
Steamer Albatross, primitive crane flies. 
 
Introduction 
 Tanyderidae Osten Sacken 1880 is a poorly known, predominantly temperate family 
represented by 39 extant species divided among 10 genera. Because of limited material in 
collections and the paucity of information about their natural history, the task to find novel 
morphological and bionomic information is of great importance for further understanding of the 
family.  
Neotropical Tanyderidae are restricted to Chile and Argentina. Since the original 
discovery of Tanyderus, Philippi, 1865, two additional Neotropical genera have been described, 
Neoderus Alexander 1913 and Araucoderus Alexander, 1929. Despite considerable interest in 
the group from a phylogenetic and biogeographical standpoint, information regarding this family 
has remained fragmentary. Most published information on Neotropical tanyderids is from species 
descriptions (Philippi 1865; Alexander 1913, 1920) or geographic range extension (Alexander 
1935). More recently, the immature stages of Araucoderus and Tanyderus were discovered and 
described (Lukashevich & Scherbakov 2014, 2016; Madriz and Courtney 2016).  
Adult tanyderids are rarely collected, cryptic and believed to be short lived. Because of 
this, there is limited information about the natural history of Neotropical tanyderids. Of the three 
genera, Neoderus is the least studied, with only one account providing superficial information 
about its habitat (Madriz 2016). Knowledge of most aspects of its natural history is lacking partly 
due to sampling difficulties and uncertainty regarding the type locality. 
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Much of the taxonomy and classification of Tanyderidae has been based on adult wing 
venation and coloration (Alexander 1927), with information on and use of terminalia being 
superficial or absent. Neoderus patagonicus (Alexander) was originally placed in Tanyderus. 
Alexander (1927) proposed Neoderus as a monotypic genus based on wing venation. Since then, 
no further information on the genus has been published, nor has any other attempt been made to 
recollect the species, which is confined to the fjords of Patagonia. 
 During a recent faunistic survey of the Aysén region, we collected adult specimens of 
Neoderus and recorded detailed observations of the behavior and habitat. The purpose of this 
paper is to present a diagnosis of adult Neoderus, redescription of N. patagonicus Alexander, and 
description of Neoderus chonos sp. nov.  We also discuss evidence to clarify uncertainty about 
the published type locality of N. patagonicus. 
 
Material and Methods 
 Study area.  Adult Neoderus chonos were collected from two localities in southern Chile 
(Figs. 4–14).  Both localities are within the Valdivian Forest province, while the type locality is 
in the Magellanic Forest province of the Subantarctic sub-region (sensu Morrone 2015). 
 Specimen collection and preparation.  All individuals were hand-collected and 
preserved in either 70% or 95% ethanol, the latter for specimens intended for future DNA 
extraction. Observations and measurements were completed using an Olympus SZH, SZX-9 and 
SZX-12 stereo microscopes and a Nikon Eclipse E800 compound microscope, the latter 
equipped with differential interference contrast and all fitted with ocular micrometers.  When 
applicable, sample sizes are provided before each description with measurements in millimeters 
presented as a mean followed by a range in parentheses.  Adult: head width was measured at the 
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point of greatest width of eyes, and head length from anterior margin of the clypeus to the 
occiput; leg segments were measured along the dorsal margin; approximate wing length and 
width were measured at the point of greatest length and width, respectively.  Drawings were 
rendered with the aid of drawing tubes on both systems.  Photomicrographs were captured using 
a Nikon DS-Fi1 mounted interchangeably on both microscopes.  Composite images were 
generated using NIS-Elements 3.2 imaging software and edited in Adobe Photoshop® CC. 
Illustrations and plates were produced using Adobe Illustrator® CC and Adobe Photoshop® CC.  
 Terminology.  Descriptive terms follow Madriz and Courtney (2016), with a label 
correction on wing vein m-m. The parameres in Tanyderidae are complex, with multiple 
elements herein abbreviated as “PM DB” (dorsal bridge of paramere), “PM DME” (dorsomedial 
element of paramere), “PM GBL” (parameral lobe at gonocoxite base), “PM LME” (lateromedial 
element of paramere) and “PM VP” (ventral paramere). For the collection site 17 km North of 
Puerto Rio Tranquilo (46°30’11.92”S 72°44’28.33”W), the creek had no name ; however, we 
refer to this site as “Kairai creek”, in accordance with project FONDECYT Nº11140495 to Anna 
Beatrice Astorga Roine 2014–2018. “Kairai Creek” is the same as “Kairay” in Madriz (2016). 
We use the term “natural history” in reference to all observational data.  
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Neoderus Alexander, 1927 
 
Neoderus Alexander, 1927: 189: 1-13. Type specimen: Tanyderus patagonicus Alexander, by 
original designation. 
 
 DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male (based solely on 
N. chonos): Cuticle with variegated coloration, light- to dark brown; vestiture light brown; 
abdomen over twice as long as thorax length, abdominal tergites dark brown, with irregular, light 
brown coloration posteriorly on either side of median; wing more than 13 mm in length, 
infuscated, with pigment arranged in six transverse bands contiguous in some areas, wing 
noticeably convex anteriorly; supernumerary cross-veins present in cells r3 and r5; male 
terminalia: dark brown, with 180 degree of rotation involving segments VII and IX; epandrium 
bilobed, narrowly contiguous at base and tapering apically, one and a half times longer than 
wide, with setae alveoli scattered over entire surface; gonocoxites fused to hypandrium, narrowly 
contiguous at base, divergent from each other at origin, each nearly cylindrical, tapering slightly 
towards apex; gonostylus cylindrical, almost as long as gonocoxite, slightly tapering at apex, 
curved medially; PM DB sclerotized, horizontal, with a pair of projections anterolaterally; PM 
LME divided into two lobes, anterior lobe small, convex broadly interconnected with gonocoxite 
anteromesally,  posterior  lobe fleshy, thornlike, curved mesally fused with PM GBL 
posteroventrally; PM DME “Y-shaped”, articulating dorsally with PM DB and ventrally with 
lateral ejaculatory processes of aedeagus; PM GBL reniform in shape, laterally compressed, with 
several prominent setiform sensilla subapically, many smaller trichoid sensilla throughout; PM 
VP not clearly evident; lateral ejaculatory processes triangular in shape; aedeagus uniformly 
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wide, phallotrema fused; phallotrema apex with curved hornlike projection extending caudally; 
aedeagal sheath present, loosely surrounding phallotrema; ejaculatory apodeme dorsoventrally 
compressed, clavate at base, with surface corrugated.  Female: Cuticle with variegated 
coloration, grey- to dark brown; vestiture light brown; abdomen less than twice as long as thorax 
length, abdominal tergites dark brown, with irregular, light grey coloration posteriorly on either 
side of median; head, thorax, legs and wings as in male; posterior margin of sternite VIII broadly 
bilobate, emarginated at median, with “square U” shape; genital fork triangular transversely, as 
long or slightly longer than wide, “V-shaped” medially, slightly constricted near terminus; 
spermatheca three in number, corpora spherical, with visible necks differentiating from ducts; 
ducts elongated, more than five times longer than corpora, annulated and hyaline.  
 
 
Neoderus patagonicus (Alexander, 1913)   
 
Tanyderus patagonicus Alexander, 1913: 44: 332. 
Neoderus patagonicus(Alexander) Alexander, 1927: 189: 8. 
Neoderus patagonicus (Alexander) Alexander, 1929: 1: 229 [species checklist]. 
Neoderus patagonicus (Alexander) Alexander & Alexander, 1967: 5.2 [species checklist]. 
 
 DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Unknown.  
Female: labrum more than twice as long as clypeus;  maxilla and mandible subequal in length; 
antenna with 15 flagellomeres; frontal suture complete, coronal suture extending into 
postoccipital region; Cuticle greyish brown to dark brown; vestiture light brown; abdomen less 
73 
 
than 2 times as long as thorax; spermatheca spherical, with visible necks; ducts uniformly 
sclerotized, annulated and unpigmented, more than five times as long as corpora; genital fork 
triangular transversely, as long as wide.  
 
 DESCRIPTION.  See also Alexander (1913).  Larvae: Unknown. Pupa: Unknown. 
Male: Unknown. Female (Figs. 2, 3, 15–17, 26–27):  Measurements (n = 1), total length 13.96 
mm; head length 1.63 mm; head width 1.50 mm; clypeus length 0.42 mm; clypeus width 0.42 
mm; palpus length 2.20 mm (palpomere length 0.14–0.39–0.70–0.44–0.53); wing length 17.92 
mm; wing width 4.48 mm. Overall coloration greyish brown to dark brown. Head: maxilla 
almost as long as mandible (mx; Figs. 15–17); labrum more than twice as long as clypeus; 
antenna with scape and pedicel glabrous, each with several setiform sensilla inserted distally; 
scape cylindrical (scp; Figs. 15, 16), slightly longer than wide, as long as pedicel; pedicel 
spherical (ped; Figs. 15, 16); flagellomeres numbering 15 (based on original description), 
cylindrical; f 1 and f 2 equal in proportions ; f 3–8 each narrowing in width from preceding 
segment, with 4 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as 
long or longer than flagellomere; f 9-15 dammaged; frontal suture  complete, coronal suture 
extending into postoccipiral region; cervical sclerites two times longer than wide. Wing held 
away from body at angle; with crossveins in cell r3 and r5; infuscate, with dark brown blotch at 
proximal base of vein h, with two irregular transverse bands of pigment, diffusing caudally and 
distally, basal-most band extending from h vein to posterior wing margin and slightly beyond 
proximal area of anal loop, medial band extending from midlength of Sc vein to posterior edge 
of C vein at distal end of anal lobe, passing through r-m and m-cu; apical-most band from R1 to 
posterior edge of C vein passing through fork of R2+R3 and distal edge of d cell, costal and 
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apical area of subcostal cells yellow in color. Halteres pale yellow at base, dark at apex. Tibial 
spurs 1–2–? symmetrical. Abdomen less than twice as long as thorax. Terminalia with 
spermatheca three in number; corpora spherical, with visible necks; spermathecal ducts 
annulated and uniformly sclerotized, more than six times as long as corpora, unpigmented; 
posterior margin of sternite VIII broadly bilobate, emarginated at median, emargination with 
“square U” shape; genital fork triangular transversely, as long as wide “V-shaped” medially, 
slightly constricted near terminus. 
DISTRIBUTION. Only record 50°51’55.92”S 74°23’47.96”W, 0 masl. Although 
Alexander (1913) mentions the type locality of N. patagonicus being Latitude Cove, Argentina. 
Given the Boundary Treaty between Argentina and Chile, established on 23 July 1881 (Ranson 
Garcia 2001), the original citation should have been Chile. A survey of the central regions of 
Chile yielded no specimens. 
 TYPE MATERIAL.  See Figure 4.  Chile. Magallanes: Holotype f#: Latitude Cove, 
Patagonia, approximately 50°51’55.92”S 74°23’47.96”W, coll. No name given, no date given; 
deposited Unites State National Museum (USNM).  
  
 
Neoderus chonos Madriz sp. nov.   
 
 DIAGNOSIS. Male terminalia: lateromedial element of paramere divided into two lobes, 
anterior lobe small, convex, with over 15 setiform sensilla, posterior lobe fleshy, thornlike, 
curved mesally; dorsomedial element “Y-shaped”; aedeagal phallotrema fused into one 
phallotrema, apex with curved hornlike projection extending caudally; aedeagal sheath loosely 
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surrounding phallotrema.  Female: head maxilla almost twice as long as mandible; antenna with 
14 flagellomeres; frontal suture incomplete, coronal suture not visible; spermatheca spherical, 
with visible necks; ducts uniformly sclerotized, annulated and unpigmented, less than six times 
as long as corpora; genital fork triangular transversely, slightly longer than wide. 
 
 DESCRIPTION.  Male (Figs. 1, 2, 23–25):  Measurements (n = 1), total length 11.05 
mm; head length 1.26 mm; head width 1.18 mm; palpus length 1.36 mm; clypeus length 0.30 
mm; clypeus width 0.40 mm; wing length 13.00 mm; wing width 4.25 mm.  Head with mandible 
and maxilla poorly developed; antenna with scape and pedicel glabrous, each with several 
setiform sensilla inserted distally; scape cylindrical, slightly longer than wide, as long as pedicel; 
pedicel spherical; with 14 flagellomeres, all elongate, more than 3 times longer than wide, 
cylindrical; f 1 and f 2 equal in proportions ; f 3 with one trichoid sensilla inserted near base of 
flagellomere, oriented dorsolaterally; f 4–13 each narrowing in width from preceding segment, 
with 4 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as long or 
longer than flagellomere; f 14 with 2 trichoid sensilla inserted apically. Cervical sclerites two 
times longer than wide. Wing (Figs. 21, 22) held away from body at angle in live resting 
individual; with crossveins in cell r3 and r5; infuscate, with dark brown blotch at proximal base of 
vein h, with two irregular transverse bands of pigment, diffusing caudally and distally, basal-
most band extending from h vein to posterior wing margin and slightly beyond proximal area of 
anal loop, medial band extending from midlength of Sc vein to posterior edge of C vein at distal 
end of anal lobe, passing through r-m and m-cu; apical-most band from R1 to posterior edge of C 
vein passing through fork of R2+R3 and distal edge of d cell, costal and apical area of sub costal 
cells yellow in color. Halteres pale yellow at base, dark at apex. Legs light to dark brown, femur 
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darker distally, all other leg segments darker at both ends: Tibial spurs 0–2–2, symmetrical. 
Abdomen: Abdominal segment I half as long as next segment, caudally from this segment, 
abdomen droops ventrally; tergites yellowish brown with lateral edges darker brown and a 
narrow dark brown medial stripe; sternites pale yellow with dark brown edges. Terminalia (Figs. 
23–25) with 180 degree of torsion involving segments VIII and IX; epandrium (epand; Figs. 23, 
25) bilobed, narrowly contiguous at base and tapering apically, one and a half times longer than 
wide, with setae alveoli scattered over entire surface; proctiger recessed anteriorly, nested within 
epandrium, exposed dorsally; cercus (cerc; Fig. 25) inconspicuous, unmodified, setose, exposed 
dorsally between medial emargination of epandrium; gonocoxites (goncx; Figs. 23–25) narrowly 
contiguous at base (Fig. 24), divergent from each other at origin, each nearly cylindrical, tapering 
slightly toward apex; setiform sensilla or setae alveoli distributed over dorsal, ventral and lateral 
surface, absent mesally; gonostylus (gonst; Figs. 23–25) cylindrical, almost as long as 
gonocoxite, slightly tapering at apex, curved medially, with prominent setae alveoli evenly 
distributed over surface, small stout acutiform sensilla apically; hypandrium not evident; 
paramere subdivided into dorsal bridge, lateral medial element, dorsal medial element (pm dme; 
Fig. 25) and paramere lobe at gonocoxite base (pm gbl; Figs 23–25); dorsal bridge horizontal, 
with a pair of projections anterolaterally; lateral medial element broadly interconnected with 
gonocoxite anteromesally and paramere lobe at gonocoxal base posteroventrally, divided into 
two lobes, anterior lobe small, convex, with over 15 setiform sensilla, posterior  lobe fleshy, 
thornlike, curved mesally; dorsal medial element “Y-shaped”, articulating terminally with dorsal 
bridge and lateral ejaculatory processes; paramere lobe at gonocoxite base laterally compressed, 
reniform in shape laterally, with several prominent setiform sensilla subapically, many smaller 
trichoid sensilla throughout; ejaculatory apodeme (ej apod; Fig. 25) extended anteriorly to 
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abdominal segment VII terminus, dorso-ventrally compressed, clavate at base, with surface 
corrugated; sperm sac balloon-like, surrounded by aedeagus posteriorly, attached to ejaculatory 
apodeme anteriorly; aedeagus (aed; Figs. 23–25) uniformly wide, phallotrema fused; phallotrema 
apice with curved hornlike projection extending caudally; aedeagal sheath present, loosely 
surrounding phallotrema. Female (Figs. 1, 3, 18–20, 28–30):  Measurements (n = 4), total length 
13.78 mm (13.25–13.75); head length 1.45 mm (1.25–1.57); head width 1.39 mm (1.14–1.38); 
clypeus length 0.40 mm (0.37–0.42); clypeus width 0.40 mm (0.37–0.42); palpus length 1.82 
mm (palpomere length average 0.14–0.32–0.56–0.36–0.44); wing length 15.82 mm (14.55–
16.80); wing width 4.25 mm (4.00–4.36). Overall coloration greyish brown to dark brown. Head: 
labrum more than twice as long as clypeus; maxilla almost twice as long as mandible; antenna as 
in male, with 14 flagellomeres; frontal suture incomplete, coronal suture not visible. Wing as in 
male. Tibial spurs 1–2–2, symmetrical. Abdomen less than twice as long as thorax. Terminalia 
with spermatheca three in number; corpora spherical, with visible necks; spermathecal ducts 
annulated and uniformly sclerotized, less than six times as long as corpora, unpigmented; 
posterior margin of sternite VIII broadly bilobate, emarginated at median, emargination with 
“square U” shape; genital fork (gen fk; Figs. 28–30)   triangular transversely, slightly longer than 
wide “V-shaped” medially, slightly constricted near terminus. 
 ETYMOLOGY. Named in honor of the indigenous extinct Chonos tribe that inhabited 
the area surrounding the type locality.  
 DISTRIBUTION.  N. chonos is restricted to southern Chilean Patagonia. Confirmed 
records lie between latitudes 46°27’S and 46°30’S, ranging in altitude from 0 to 534masl. A 
survey of the central regions of Chile yielded no specimens. 
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 TYPE MATERIAL.  Holotype [m#] Chile. Aysén: Hwy X-728CH/valle exploradores @ 
9km West of Lago Bayo 46°27’38.01”S 73°13’09.96”W 217masl, 2.ii.2016, R.I. Madriz & K.K. 
Lindsay, hand-picked from vertical wall; deposited Museo Nacional de Historia Natural, 
Santiago, Chile (MNNC). Paratypes: Chile. Aysén: Hwy X-728CH/valle exploradores @ 9km 
West of Lago Bayo 46°27’38.01”S 73°13’09.96”W 217masl, 2.ii.2016, R.I. Madriz & K.K. 
Lindsay, hand-picked from vertical wall [1 m#, 3 f#, EtOH]. Paratypes same information as 
holotype [3 f#] deposited USNM. 
 OTHER MATERIAL EXAMINED.  Kairai Creek @ 17km North of Puerto Rio 
Tranquilo 46°30’11.92”S 72°44’28.33”W 534masl, 2.ii.2016, R.I. Madriz, wing only. Deposited 
in USNM. 
NATURAL HISTORY.  Habitat.  (Figs. 5–14, 31–34). Both collection sites are located 
in temperate old-growth forest fragments. The creek at the N. chonos type locality is a first order 
tributary of Rio Norte in the Exploradores Valley, with geology composed mainly of Patagonian 
batholith (granite) and alluvial deposits at lower elevations (SERNAGEOMIN 2003). Vegetation 
is mainly composed of Nothofagus betuloides (Mirb.) Orsted. Annual rainfall is ca.1800 mm. 
Kairai is a first order stream and tributary of Lago General Carrera, with geology composed of 
Patagonian batholith (SERNAGEOMIN 2003). The vegetation at lower elevation is composed 
mainly of the woody bamboo Chusquea sp. in the understory and evergreen species of 
Nothofagus betuloides, Embothrium coccineum (J.R. Forst & G. Forst), Rhaphithamnus spinosus 
(Juss.) Moldenke, Laureliopsis philippiana (Looser) Schodde and Lomatia ferruginea (Cav.) R. 
Br., whereas higher elevation vegetation is mostly deciduous southern beech, Nothofagus 
pumilio (Poepp. & Endl.) Krasser. Annual rainfall is ca. 1200 mm. For local in-stream 
environmental variables see Table 4. 
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Behavior. Adult N. chonos were encountered resting on the outer walls of a dilapidated 
structure 200m from a lentic aquatic habitat (Fig. 7) and, at one locality, next to a first order 
stream (Figs. 11–14), a single wing was found.  All adults were resting (hanging) on a vertical 
surface.  N. chonos was found only during the late afternoon (after 2100 hrs).  If disturbed by 
close proximity or physical touch, the flies would disperse.  Their flight is typical of Tanyderidae 
and Psychodidae: short distances with an erratic pattern.  Females were kept alive for up to 5 
days on a diet of water and diluted sugar.  The male died one day after capture. Although no 
copulation was observed, initial mating attempts by the male suggest similar mating behavior to 
Araucoderus gloriosus as depicted by Madriz & Courtney (2016): male resting on the vertical 
wall of the enclosure side by side with the female was flexing the abdomen laterally attempting 
to clasp the female abdomen at mid-length with no success.   
COMMENTS.  In the original description, Alexander (1913) does not mention the 
presence of vein Sc-r but in his treatment of the Tanyderidae, Alexander (1927) depicts the Sc-r 
vein in his illustration, this change was overlooked by Williams (1933). Cross vein r5 is absent in 
the right wing of male. 
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Key to Genera of extant Tanyderidae (based solely on wing characters) 
  
1 Wings with coloration in pterostigma only (Fig. 37) Peringueyomyina (South Africa) 
- Wings with variegated coloration patterns 2 
 
2 Vein R2+3 arising after or at same level as base of vein R5 3 
- Vein R2+3 arising more than 3mm before base of vein R5 4 
 
3 Cell r4 with crossvein present (Fig. 38)  Tanyderus (Chile) 
- Cell r4 with crossvein absent (Fig. 39)  Radinoderus (Oceania) 
 
4 Wings with crossvein in any radial cell  5 
- Wings with no crossvein in any radial cell 7 
 
5 Cell r3 with crossvein absent; Sc2 vein appearing as a distinct oblique vein in cell sc (Fig. 
40)   Nothoderus (Australia: Tasmania) 
- Cell r3 with crossvein present; Sc2 vein absent 6 
 
6 Cell r4 with crossvein present (Fig. 41)  Mischoderus (New Zealand) 
- Cell r4 with crossvein absent (Fig. 21)  Neoderus (Chile) 
 
7 Vein R2+3 shorter than length of cell r2  8 
- Vein R2+3 equal or longer than length of cell r2 9 
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8 Cell m2 as long as or longer than cell d (Fig. 42) Araucoderus (Chile)  
- Cell m2 less than half as long as cell d (Fig. 43) Eutanyderus oreonympha (Australia) 
 
9 Cell d longer than cell bm (Fig. 44)  Eutanyderus wilsoni (Australia) 
- Cell d shorter than cell bm   10 
 
10 Cell m3 with crossvein present (Fig. 45) Protoplasa (Eastern Nearctic) 
- Cell m3 with crossvein absent (Fig. 46)  Protanyderus (Palearctic and Nearctic) 
 
Discussion 
 Geography. The Aysén region has some of the most extensive remaining old growth 
primary deciduous forest left on the planet (Dr. Jerry Mead, pers. com.). The region was strongly 
modified by glacial activity during the Quaternary, leaving a heavily fragmented topography 
with large areas of old growth forests being difficult to reach.  
Presently, a steep environmental gradient characterizes the landscape, with precipitation 
and temperature gradients oriented in an east-west direction and highly variable precipitation 
between neighboring valleys. Such is the case for the two sites were N. chonos was collected; the 
difference in precipitation between the two sites was approximately 600 mm, with the valleys 
separated by 37 km. Magellanic Coigue (Nothofagus betuloides), the evergreen southern beech, 
is usually dominant in higher precipitation areas of Aysén region. 
Aysén has not only remained the most isolated region in the country, but houses the 
lowest population of all 15 regions in Chile. Although colonization and agricultural development 
in the second half of the 20th century have altered the area somewhat, the most serious impacts 
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have been caused by fires that burned for decades near the middle of the 20th century (Otero 
2006). Estimates of the burned area range between 2–3 million hectares (Hoffmann 1998). Many 
of these fires occurred at lower elevations and close to the limited road network.  
Glacial refugia. Little is known about the location of glacial refugia in southern Chile or 
how glacial activity influenced the present day distribution of resident species. However, 
interesting biogeographical patterns and areas of endemism have been described for some lotic 
macroinvertebrates with low mobility (Valdovinos 2006, Valdovinos et al. 2010). Thus far, 
Neoderus exhibit a restricted distributional pattern, possessing the southernmost latitudinal 
record in the family and inhabiting a heavily fragmented topography caused by glacial activity in 
Patagonia. Moreover, neotropical tanyderid distributions may provide insights into patterns of 
endemism in southern Patagonia.  
Historical distribution.  In the original description of N. patagonicus, Alexander (1913) 
provided a questionable type locality and no date of collection, leading to several uncertainties 
about the habitat of the genus. However, existing historical records (Fig. 35, 36. Table 3) suggest 
the holotype of N. patagonicus was collected on February 6, 1888 by the crew of the Albatross 
Research Vessel in its circumnavigation around the Americas from Norfolk, VA, to San 
Francisco, CA. (Howard 1890; Ridgway 1890; Tanner 1891, Townsend 1901, United States 
Hydrographic Office 1922; SNMNH 2016). The type locality resides in Chile’s Region XII 
(Región de Magallanes y la Antártica Chilena), on Hanover Island, East side of Parque Nacional 
Alacalufes next to Canal Esteban, approximately 90km west of Parque Nacional Torres del 
Paine. Unfortunately, we were unable to find the name of the collector, although this could be 
accredited to the scientific team of Albatross Research Vessel.  
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Collection of specimens. During our Neoderus collections at Kairai Creek, the senior 
author also observed over 49 adult Araucoderus gloriosus  (Madriz 2016). Extensive searches for 
additional specimens of Neoderus on different occasions, including searches for immature 
stages, were without success.  
Collection records of Chilean tanyderid species suggest emergence throughout the spring 
and summer months (Alexander 1935; Lukashevich & Scherbakov 2014, 2016; Madriz 2016; 
Madriz & Courtney 2016; Madriz unpublished observation). Additionally, all known immature 
stages of Neotropical tanyderids are associated with water.  
Several black lighting attempts at the Neoderus collection sites yielded no tanyderid 
specimens, suggesting that N. chonos is not attracted to black lights, as is the pattern for 
Araucoderus (Madriz & Courtney 2016) and Tanyderus (Madriz unpublished observation). 
Phylogenetic implications. Alexander (1927) proposed Neoderus as a monotypic genus to 
include N. patagonicus, but an explanation for this designation was lacking. Neoderus can be 
readily identified from other tanyderid genera through superficial characters such as wing pattern 
and venation (Figs 21, 22), epandrial structure, body size and coloration. Both sexes exhibit an 
abdomen with a higher degree of frontocaudal compression than all other southern hemisphere 
genera.  
Aside from wings, discriminatory characters between tanyderid genera and species can be 
found in the structure of male terminalia, especially parameres, degree of fusion and length of 
phallotrema. Female spermathecal capsule shape, ducts and genital fork are some of the 
structures, thus far, capable of providing clearer differences between cryptic species as is in the 
case of Araucoderus gloriosus (Madriz unpublished observations).  
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Following the characters described herein and by Madriz and Courtney (2016), Neoderus 
shows significant differences to the other Patagonian tanyderids, mainly a deeply bilobed 
epandrium and fused phallotrema in males and stouter overall body shape in males and females. 
The latter shows a closer resemblance to the northern hemisphere fauna (Protanyderus + 
Protoplasa). Genitalia provide further characters that are being incorporated into a 
morphological phylogenetic treatment of the family (Madriz in prep.).  
Neoderus can be considered the rarest genus among the Tanyderidae, with only a single 
female specimen ever collected prior to this study. Information about immature stages is needed 
to further understand the relationship between this obscure genus and the rest of the family. 
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Figs 1–3. Neoderus chonos Madriz sp. nov. 1. Female habitus, lateral view. 2. Adult male 
habitus, lateral view. 3. Size comparison of Male (left) and female (right). 
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Fig 4. Distribution of Neoderus (Alexander). N. patagonicus (black circle), N. chonos (black 
star). 
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Figs 5–9. Neoderus chonos Madriz sp. nov. habitat, valle Exploradores collection site. 5. Rio 
Exploradores near collection site. 6. Waterfall near collection site. 7. Collection site north view 
8. Stream near collection site 9. Collection site south view. 
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Figs 10–14. Neoderus sp. habitat, Kairai Creek collection site. 10. Waterfall near collection site. 
11–14. Kairai stream at collection site. 
 
91 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figs 15−17. Neoderus patagonicus (Alexander), adult female head capsule with flagellomeres 2–
14 removed. 15. Lateral view. 16. Dorsal view with palps 4-5 removed. 17. Ventral view with 
palps 4-5 removed.  
Abbreviations: clyp = clypeus; comp eye = compound eye; flgm 1 = flagellomere #1; hyphar = 
hypopharynx; lab = labium; lbl = labellum; lbr = labrum; mx = maxilla; ped = pedicel; plp = 
palpus; pstm = postmentum; scp = scape. Scale bars = 0.10mm 
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Figs 18−20. Neoderus chonos Madriz sp. nov., adult female head capsule with flagellomeres 2–
14 removed. 18. Lateral view. 19. Dorsal view with palps 4-5 removed. 20. Ventral view with 
palps 4-5 removed.  
Abbreviations: clyp = clypeus; comp eye = compound eye; flgm 1 = flagellomere #1; hyphar = 
hypopharynx; lab = labium; lbl = labellum; lbr = labrum; mx = maxilla; ped = pedicel; plp = 
palpus; pstm = postmentum; scp = scape. Scale bars = 0.10mm 
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Figs 21−22. Neoderus sp. wing. 21. Photomicrograph with pigmentation. 22. Line illustration 
without pigmentation, veins and cells indicated.  
Abbreviations: anal lobe = anal lobe; bc = basal costal cell; bm = basal medial cell; bm-m = 
basal medial-medial crossvein; br = basal radial cell; c = costal cell; C = costal vein; cua = 
anterior cubital cell; CuA = anterior branch of cubitus vein; cup = posterior cubital cell; CuP = 
posterior branch of cubitus vein; d = discal cell; h = humeral crossvein; m-m = medial crossvein; 
m1, m2, m3, m4 = medial cells; M1, M2, M3, M4 = distal branches of medial vein; MA = anterior 
branch of medial vein; r-m = radial-medial crossvein; r1, r2, r3, r4, r5 = radial cells; R1, R2, R3, R4, 
R5 = distal branches of radius; Rs = radial sector vein; sc-r = subcostal-radial crossvein; sc = 
subcostal cell; Sc = subcosta vein; Stm = stem vein. 
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Figs 23−25. Neoderus chonos Madriz sp. nov., male terminalia. 23. Epandrial view. 24. 
Hypandrial view.  25. Lateral view.  
Abbreviations: aed = aedeagus; ej apod = ejaculatory apodeme; epand = epandrium; goncx = 
gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at gonocoxite base; spm sac = sperm 
sac. Scale bars = 0.1mm 
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Figs 26−27. Neoderus patagonicus (Alexander), female terminalia. 26. Ventral view labeled. 27. 
Lateral view labeled.   
Abbreviations: cerc = cercus; spmth = spermatheca; Scale bars = 1.00 mm 
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Figs 28−29. Neoderus chonos Madriz sp. nov., female terminalia. 28. Ventral view. 29. Lateral 
view.  
Abbreviations: acc gl = accessory gland; cerc = cercus; gen fk = genital fork; gen op = genital 
opening; hyp vlv = hypogynial valve; spmth = spermatheca; st 7–st 10 = sternites #7–#10; tg 7–
10 = tergites #7–#10. Scale bars = 1.00 mm 
 
97 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 30. Neoderus chonos Madriz sp. nov., female internal genitalia lateral view.  
Abbreviations: acc gl = accessory gland; gen fk = genital fork; spmth = spermatheca. Scale bar = 
0.10mm 
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Figs 31–34. Neoderus collection site maps. 31. Map of Chile highlighting the Aysén Region. 32. 
Map of Aysén Region highlighting oldgrowth forest (green), lakes (blue) and ice fields (white 
with blue lines). 33. Stylized map of valle exploradores site. 34. Stylized map of Kairai site.   
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Figs 35–36.  Albatross Research Vessel collection sample sites maps. 35. Map of South 
America. 36. Map of southern South America depicting a partial list of collecting dates from 
January 14–February 12, 1888. Black dots represent the approximate location of dredging 
samples. 
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Figs 37−46. Wings of genera of Tanyderidae, composite photomicrographs. 37. 
Peringueyomyina barnardi. 38. Tanyderus pictus. 39. Radinoderus solomonis. 40. Nothoderus 
australiensis. 41. Mischoderus annuliferous. 42. Araucoderus gloriosus. 43. Eutanyderus 
oreonympha. 44. Eutanyderus wilsoni. 45. Protoplasa fitchii. 46. Protanyderus vipio. 
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Table 1. Leg segment measurements for adult female of Neoderus patagonicus  
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.00  6.30 6.30 
 tibia  6.90  6.20    ? 
 tibial spur  0.35  0.33    ?  
 tarsus 1 5.00    ?     ? 
  2 1.80    ?      ? 
  3    ?     ?     ?    
  4    ?    ?     ?    
  5    ?    ?     ?  
 
 
Table 2. Leg segment measurements for adult male and females of Neoderus chonos 
 
Adult male 
Leg-segment lengths: foreleg midleg hindleg 
 femur   5.11  5.81 7.09 
 tibia  6.50  5.98 8.95 
 tibial spur     -  0.34  0.36  
 tarsus 1 4.52 3.30 4.39 
  2 1.12 1.16 1.62 
  3 0.82  0.70 1.00    
  4 0.40  0.45 0.52 
  5 0.40  0.45 0.52 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   5.26 (5.20–5.30) 5.96 (5.90–6.00) 7.24 (7.20–7.29) 
 tibia  6.66 (6.60–6.70) 6.10 (6.00–6.03) 9.05 (9.00–9.08) 
 tibial spur  0.31 (0.30–0.31) 0.34 (0.33–0.34) 0.36 (0.35–0.36) 
 tarsus 1 4.68 (4.60–4.72) 3.42 (3.40–3.49) 4.53 (4.50–4.58) 
  2 1.22 (1.20–1.25) 1.33 (1.30–1.37) 1.75 (1.70–1.78) 
  3 0.91 (0.90–0.93)  0.82 (0.80–0.83) 1.12 (1.10–1.15)  
  4 0.50  0.56 (0.55–0.56) 0.61 (0.60–0.63) 
  5 0.50  0.56 (0.55–0.56) 0.61 (0.60–0.63) 
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Table 3. Partial list of collecting dates from January–February 1888: relative to the work of the 
Albatross Research Vessel. 
 
COLECTION DATE LATITUDE LONGITUDE 
12 January 36°47’ 00” S 056°23’00” W 
13 January 40°03’00” S 058°56’00” W 
14 January 42°24’00” S 061°38’30” W 
15 January 45°22’00” S 064°20’00” W 
16 January 48°37’00” S 065°46’00” W 
17 January 52°23’00” S 068°11’00” W 
18 January 52°41’00” S 069°55’30” W 
19 January 52°38’00” S 070°10’30” W 
23 January 53°01’00” S 070°42’15” W 
23 January 53°06’00” S 070°40’30” W 
02  February 53°01’00” S 073°42’30” W 
04 February 51°52’00” S 073°41’00” W 
06 February 51°12’00” S 074°13’30” W 
06 February 51°02’30” S 074°08’30” W 
08 February 48°41’00” S 074°24’00” W 
08 February 48°09’00” S 074°36’00” W 
09 February 46°46’00” S 075°16’30” W 
09 February 46°47’30” S 075°15’00” W 
11 February 45°35’00” S 075°55’00” W 
12 February 42°36’00” S 075°28’00” W 
 
 
Table 4. Local environmental variables measured in a 50m section in Kairai stream during 
austral spring 2016.  
 
VARIABLE KAIRAI CREEK 
Altitude (m)  539 
Water Temperature (°C ) 2.3 
ph 7 
Conductivity (µs) 13 
Alkalinity (mg/l) 6.74 
Mean Steam Shade (%) 69 
Mean Stream Width (m) 4.5 
Segment Slope (cm/m) 4 
Mean Current Velocity (m/s) 0.6 
Mean Depth (cm) 17.4 
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A TAXONOMIC REVISION OF WORLD TANYDERIDAE 
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Abstract 
 The world fauna of Tanyderidae Osten Sacken 1880 is revised. Updated generic 
diagnoses and species descriptions are given.  Species descriptions, diagnoses, illustrations of 
habitus and genitalia are provided for 32 of the 39 valid species. Keys to the genera for adults 
and larvae and a key to species for adults are presented. The Holarctic genus Protanyderus is 
treated as a synonym of Protoplasa syn. nov. and a new genus, Xenoderus gen. nov., from the 
Australasian region is described. Distribution maps for all known species are provided.  
 
Key Words:  Tanyderidae, morphology, primitive crane flies, genera revision, new genus. 
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Introduction 
 Tanyderidae Osten Sacken 1880 is comprised of 39 extant species divided among 10 
genera, with representatives in the Australasian (21 species), Oriental (three species), 
Afrotropical (one species), Palearctic (six species), Nearctic (four species) and Neotropical (four 
species) regions. 
  Except for studies by Exner & Craig (1976), Lukashevich & Scherbakov (2014, 2016), 
Madriz (2016) and Madriz & Courtney (2016), most published information about tanyderid 
natural history includes brief mention of habitat or life history (Colless & McAlpine 1970; 
Krzemiński & Judd 1997; Judd 2004) usually in the context of a species description (Alexander 
1930; Crampton 1930; Wood 1952; Knight 1963; Rose 1963; Podeniene & Gelhaus 2013;) or 
geographic range extension (Alexander 1935, Eskov & Lukashevich 2015).   
Larvae are aquatic, eucephalic and terete, with a heavily sclerotized head capsule partly 
retracted into thorax. All known larvae possess two pairs of spiracles (one on the first thoracic 
segment and one on the eight abdominal segment), with two notable exceptions: Tanyderus 
pictus Phillippi (1865), which has rudimentary spiracles on the metathorax and abdominal 
segments I–VII (Lukashevich & Scherbakov 2014) and Eutanyderus wilsoni Alexander (1928), 
which lacks spiracles (Colless & McAlpine 1970, 1991). The abdominal terminal end possesses 
three pairs of tracheated filaments, one pair on the eighth abdominal segment, one on the ninth 
and most species with one pair inserted at the apex of the anal prolegs. Paired anal prolegs on the 
ninth abdominal segment bear two rows of retractile claws, which are reduced in 
Peringueyomyina barnardi Alexander (1921).  
Previous descriptions of tanyderid larvae and pupae have been fragmentary (Alexander 
1930; Crampton 1930; Rose 1963; Knight 1963, 1964; Exner & Craig 1976; Anthon 1988; 
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Wipfler et al. 2012; Podeniene & Gelhaus 2013; Lukashevich & Shchervankov 2014, 2016), 
with only four definitive larva–adult associations: Protoplasa fitchii Osten Sacken (1859) 
(Alexander 1930; Crampton 1930), Peringueyomyina barnardi (Wood 1952), Tanyderus pictus 
(Lukashevich & Shcherbakov 2016) and Araucoderus gloriosus Alexander (1920) (Madriz & 
Courtney 2016). Eutanyderus wilsoni larvae (Colless & McAlpine 1970, 1991) and pupae 
(Hinton 1966) have been identified, but no detailed description has been published.   
Adults are small to large flies (5.0–35.0mm). They possess conspicuous mouthparts, with 
an elongate rostrum in some species.  Ocelli are lacking while the compound eyes are 
conspicuous, making up most of the head, and bear ommatrichia. The family is characterized by 
elongate cervical sclerites in some species, creating the appearance of a long neck, providing the 
bases for the family name (G. tany= stretch, der= neck).  Their legs are as long or longer than the 
body. Wing length ranges from 6.0 to 31.5mm, possessing irregular bands of brown infuscation, 
reduced in Peringueyomyina. Wing venation is composed of five radial-, four medial- and two 
cubital- veins reaching wing margin, with conspicuous cubital lobe and highly reduced anal 
sector retracted into wing base (Madriz & Courtney 2016). Detailed genitalia studies are lacking 
with the exception of the internal male genital tract of Protoplasa fitchii (Borkent & Sinclair 
2012). 
These flies have been regarded as possessing one of the most “primitive” conditions of 
wing venation (MacGillivray 1923, Rohdendorf 1974; Krzeminski 1992) and it is on this 
venation that most of the classification has been based.  Indeed, Tanyderidae is currently the only 
family of extant Diptera for which species level identification can be performed mainly through 
wing characters (Alexander 1927). No attempt has been made to incorporate other structures 
(e.g. terminalia) for species description or determination. Furthermore, geographically extensive 
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distributions and hypothesized sympatric associations among some species raise compelling 
questions regarding potential species complexes. 
Historically, Tanyderidae has received little attention and aside from having long been 
described as “primitive” (Crampton 1930; Alexander 1930; Williams 1933; Colless & McAlpine 
1991; Rohdendorf 1974; Exner & Craig 1976) the family remains a difficult group to place in an 
evolutionary framework.  Phylogenetic hypotheses based on morphological characters of 
immature stages (Alexander 1930), adult thoracic sclerites (Crampton 1925, 1926a–c, 1930) and 
wing venation (Rohdendorf 1974), have produced inconsistent results regarding sister-group 
relationships, leading to an unresolved phylogenetic placement.  More extensive morphological 
phylogenetic analyses have suggested a close relationship between Tanyderidae and 
Ptychopteridae (Hennig 1973; Wood & Borkent 1989; Oosterbroek & Courtney 1995) and more 
recently Blephariceridae (Lambkin et al. 2013).  In contrast, recent analyses based on molecular 
data strongly support a sister group relationship between Blephariceridae and Tanyderidae + 
Psychodidae (Bertone et al. 2008; Wiegmann et al. 2011; Curler & Moulton 2012). 
The relative lack of information for and consequent poor understanding of Tanyderidae is 
likely due in part to the fact that they are among the most rarely collected of all Diptera 
(Crampton 1926b; Alexander 1967, Krzeminski & Judd 1997, Judd 2004). In addition to types 
and other museum material, freshly collected specimens have become available for study.  The 
current work includes a review of the species diversity and classification of the family in a global 
context, with an emphasis on interpreting the morphological diversity and homologies within the 
group. 
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Material and Methods 
 Material. More than 300 specimens were examined from a number of collections and 
institutions (Table 1). Types of 24 of the 39 known were obtained, six of those are partial 
specimens (holotype housed in two institutions). When possible exact label information is 
provided. All dates are written in day, month, year format, with months in lower case Roman 
numeral. Geographic coordinates are provided in degrees, minute seconds (DMS) with exact or 
approximate locations when possible.   
 Fresh material was mainly obtained through expeditionary work across Chile and the 
United States from 2012–2015. Adult specimens were hand-collected or swept from riparian 
vegetation.  Pupae were collected by hand from the wet root mats of marginal vegetation, damp 
marginal substrata or saturated wood, while larvae were collected in kick samples, by hand-
picking them from marginal substrata or from saturated wood. Definitive associations of all life 
stages are based on rearing of individual larvae to adult emergence. Species associations of non-
reared adult males and females were based on observed copulation and morphological similarity 
of wings. Association of eggs was based on two copulations and resulting eggs from two 
different females.  Specimens were also borrowed from, or are deposited in the institutions listed 
in Table 1. 
 Distribution.  Distributional data was primarily obtained from the material examined or 
from corroborated identifications from reputable sources (i.e. Museum curators, insect 
identification firms, career taxonomists). Data for unavailable species was obtained from the 
primary literature. All distributional maps were the senior author’s original designs made using 
Adobe Illustrator® CC.   
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Specimen preparation. Field-collected and reared adults were fixed primarily in 70%, 
whereas most larvae and pupae were killed either in 95% EtOH or by immersion in hot water 
and subsequent placement in 95% EtOH. Eggs were preserved in 70% EtOH at different times 
after oviposition to address color changes. Undissected adult specimens and remaining dissected 
structures were dehydrated in a graded ethanol series (95, 100, 100, 100%), followed by a graded 
hexamethyldisilazane (HMDS) series (25, 50, 100, 100%). Morphological studies were based on 
partial- or whole-animal preparations, slide mounts, and scanning electron microscope (SEM) 
micrographs of selected body parts. For selected specimens, the head and terminalia were 
macerated in a solution of cold potassium hydroxide (approximately 10%) and slide mounted 
permanently or temporarily using Canada balsam or glycerin, respectively. 
 All selected museum specimens had their genitalia prepared by removing the genitalia 
and posterior 3-4 segments of the abdomen from a specimen. These were then left in a 10% 
EtOH solution at room temperature and observed periodically until fully hydrated. The specimen 
were later macerated in a solution of approximately 10% cold potassium hydroxide (KOH) until 
desired level of clearing was achieved.  Subsequently, all parts were rinsed 3-6 times with cold 
water and left overnight. One last rinse was performed to remove excess KOH. For observation, 
specimens were manipulated and stored in a solution of 85% lactic acid at room temperature to 
neutralize KOH. All specimens were transferred into Glycerin for permanent storage. 
Light microscopy. Specimens were observed using an Olympus SZH, SZX-9 and SZX-
12 stereo microscopes and a Nikon Eclipse E800 compound microscope, the latter equipped with 
differential interference contrast and all fitted with an ocular micrometer. Drawings were 
rendered with the aid of a drawing tube on all systems. Photomicrographs were captured using a 
Nikon DS-Fi1 mounted interchangeably on both microscopes. Composite images were generated 
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using NIS-Elements 3.2 imaging software and edited in Adobe Photoshop® CC. Illustrations and 
plates were produced using Adobe Illustrator® CC and Adobe Photoshop® CC. 
Scanning electron microscopy. The head capsule, thorax and genitalia were dissected 
from select adult specimens while the head capsule and anal division were dissected from select 
larval specimens. All material was sonicated in EtOH for 5–10 seconds. After sonication, 
specimens were dried either chemically with HMDS or by using a critical point drier, then 
sputter coated with gold-palladium. Material was examined using a JEOL 5800LV Scanning 
Electron Microscope. 
Terminology. Terms for structures are based primarily on Madriz & Courtney (2016).  
Pamere elements abbreviations: “PM DB” (dorsal bridge of paramere), “PM DME” 
(dorsomedial element of paramere), “PM GBL” (parameral lobe at gonocoxite base), “PM LME” 
(lateromedial element of paramere) and “PM VP” (ventral paramere). Cerco-parameral sclerite 
refers to the sclerotized area in between the cerci and the PM DB, equivalent to the ‘Inner arm” 
in Hogue & Bedoya (1989) 
In the material examined section, “instar IV larvae” and “pupae" are abbreviated below 
as “L” and “P”, respectively. We use the term “natural history” in reference to all observational 
data. 
 Descriptive format. Diagnoses of the genera and species are provided. Complete 
descriptions are given for previously unknown life stages and revised descriptions are given for 
adults. When applicable, sample size is provided before each description with measurements in 
millimeters presented as a mean followed by a range in parentheses.  Measurements: Larval 
characters refer to instar IV; total length was measured from the anterior-most part of the outer 
epistomal ridge to the anal aperture. Pupa: total length was from apex of the dorsal apotomal 
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tubercle to the apical-most point of terminal fleshy lobes; respiratory organs were measured from 
base to apex. Adult: head width was measured at the point of greatest width of the eyes, and head 
length from the anterior margin of the clypeus to the occiput; leg segments were measured along 
the dorsal margin; approximate wing length and width were measured at the point of greatest 
length and width, respectively. For unavailable specimens a distributional map based on primary 
literature data is presented.  
 
Checklist of extant species of Tanyderidae 
 
ARAUCODERUS Alexander 1929 [Chile & Argentina] 
A. gloriosus (Alexander), 1920. Chile (Rio Aysen, Region VIII-X). 
 
EUTANYDERUS Alexander 1928 [Australia]  
E. wilsoni Alexander, 1928. Australia (Victoria). 
 
MISCHODERUS Handlirsch 1909 [New Zealand] 
M. annuliferus (Hutton), 1900. NZ. (Multiple Locations) 
M. forcipatus (Osten Sacken), 1880. NZ. (Multiple Locations) 
M. marginatus (Edwards), 1923b. NZ. (Wellington) 
M. neptunus (Edwards), 1923a. NZ. (Wellington) 
M. varipes (Edwards), 1923a. NZ. (Multiple Locations) 
 
NEODERUS Alexander 1927 [Chile] 
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N. patagonicus (Alexander), 1913. Chile (Latitude Cove, Region XII). 
N. chonos Madriz, in prep, Chile (Region XI) 
 
NOTHODERUS Alexander, 1927 [Australia]  
N. australiensis (Alexander), 1922 (Tanyderus). Australia (Tasmania). 
 
PERINGUEYOMYINA Alexander 1921 [South Africa] 
P. barnardi Alexander, 1921. South Africa (Western Cape). 
 
PROTOPLASA Osten Sacken 1859 [Nearctic, Palaearctic region & Oriental regions] 
P. alexanderi (Kariya), 1935. Japan (Shimajima-Dani). 
P. beckeri (Riedel), 1920. Turkestan (Osch-Fergana). 
P. esakii (Alexander), 1932. Japan (Kyushu). 
P. fitchii Osten Sacken, 1859. USA (North East North America). 
P. margarita (Alexander), 1948. USA (Rocky Mountains). 
P. riedeli (Savchenko), 1974. USSR (Gissar Range). 
P. schmidi (Alexander), 1959b. India (Uttar Pradesh). 
P. sikkimensis (Alexander), 1960.  India (Ramtang).  
P. stackelbergi (Savchenko), 1971. Mongolia (Gatsur). 
P. vanduzeei Alexander, 1918. USA (California). 
P. venustipes (Alexander), 1960. India (Ramtang). 
P. vipio Osten Sacken, 1877. USA (California). 
P. yankovskyi (Alexander), 1938b. North Korea (“ProvinceChosen”). 
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RADINODERUS Handlirsch 1909 [Australasian and Oceanic regions] 
R. caledoniana Hynes, 1993 (New Caledonia) 
R. dorrigensis Alexander, 1930. Australia (New South Wales). 
R. holwai Alexander, 1946. Solomon Islands. 
R. mirabilis (De Meijere), 1915a. Papua New Guinea. 
R. occidentalis (Alexander), 1925. Australia (West Australia). 
R. ochroceratus Colless, 1962. Papua New Guinea (Bouganville Island). 
R. oculatus (Riedel), 1921. Papua New Guinea (PNG). 
R. ornatissimus (Doleschall), 1858. Indonesia (Maluku). 
R. pictipes Alexander, 1946. Indonesia (Irian Jaya). 
R. solomonis (Alexander), 1924. Solomon Islands. 
R. supernumerarius Alexander, 1953. Indonesia (Irian Jaya). 
R. terrae-reginae (Alexander), 1924. Australia (Queensland). 
R. toxopei Alexander, 1959a. Indonesia (Irian Jaya). 
 
TANYDERUS Philippi 1865 [Chile] 
T. pictus Philippi, 1865. Chile (Concepcion, Region VII-X). 
 
XENODERUS Madriz gen nov. [Australia] 
X. oreonympha (Alexander), 1938a. Australia (New South Wales). 
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Key to Genera of extant Tanyderidae (based solely on wing characters) 
  
1.  Wing with coloration in pterostigma only  
   Peringueyomyina barnardi (South Africa) 
 
  
 
 
 
 
1a. Wings with variegated coloration patterns 2 
 
 
 
 
 
 
 
2.  Vein R2+3 arising after or at same level as base of vein R5 3 
 
 
 
 
 
2a. Vein R2+3 arising more than 3mm before base of vein R5 4 
 
 
 
 
 
 
 
3. Cell r4 with crossvein present   Tanyderus pictus (Chile) 
 
 
 
 
 
3a. Cell r4 with crossvein absent   Radinoderus (Oceania) 
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4. Wing with crossvein in any radial cell  5 
 
 
 
 
 
4a. Wings with no crossvein in any radial cell 7 
 
 
 
 
 
 
 
5. Sc2 vein appearing as a distinct oblique vein in cell sc  
   Nothoderus australiensis (Australia: Tasmania) 
 
 
 
 
 
 
5a. Sc2 vein absent   6 
 
 
 
 
6. Cell r4 with crossvein present    Mischoderus (New Zealand) 
 
6a. Cell r4 with crossvein absent    Neoderus (Chile) 
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7. Vein R2+3 shorter than length of cell r2 8 
 
 
 
 
 
7a. Vein R2+3 subequal or longer than length of cell r2 9 
 
 
 
 
 
 
 
8. Cell br with crossvein present  Xenoderus oreonympha (Australia)  
 
 
 
 
 
8a. Cell br without crossvein   Araucoderus gloriosus (Chile) 
 
 
 
 
 
 
 
9. Crossvein Sc-r closer to base of vein R2 than to crossvein r-m  
    Eutanyderus wilsoni (Australia) 
 
 
 
 
 
9a. Crossvein Sc-r closer to cross vein r-m than to base of vein R2  
  Protoplasa (Nearctic, Palaearctic region & Oriental regions) 
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Key to Genera for larval Tanyderidae (based on instar IV*) 
  
1. Hypostomal bridge incomplete Protoplasa (Nearctic, Palearctic & Oriental regions) 
1a. Hypostomal bridge complete    2 
 
2. Abdominal segment VIII bearing tracheated fleshy filaments shorther than abdomen 
width   Peringueyomyina (South Africa) 
2a. Abdominal segment VIII bearing tracheated fleshy filaments longer than abdomen width3 
 
3 Anal division with sclerotized dorsal plate 4 
3a. Anal division without sclerotized dorsal plate 5 
 
4 Head with glandular duct   Tanyderus (Chile) 
4a. Head without glandular duct   Radinoderus (Oceania) 
 
5 Abdominal setae with mostly palmate setae Mischoderus (New Zealand) 
5a. Abdominal setae with simple setae and few palmate setae Araucoderus (Chile)  
 
*Larvae of Eutanyderus (Australia) has not been formally described while those of Neoderus 
(Chile), Nothoderus (Australia) and Xenoderus (Australia) are unknown. 
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Fig. 1. Araucoderus gloriosus (Alexander) male habitus, lateral view.   
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Araucoderus Alexander, 1929 
 
Araucoderus Alexander, 1929: pp. 228. Type species: Tanyderus gloriosus Alexander, by 
original designation. 
 
DIAGNOSIS. Egg: elongate-ovoid, white, lacking microsculpture. Larva: cuticle translucent, 
varying from light grey to tan in color; head orange to brown in color; mandible with three 
prominent teeth; endocarina (glandular duct) present; postmentum without teeth, flat to convex 
anteriorly. Pupa: Body elongate, cylindrical; head with tubercles, antennal sheath lying between 
wing margin and midleg; respiratory organs inconspicuous, undivided and tubular; abdominal 
segment VIII with digitiform lobes inserted posterolaterally, posterior to spiracle. Male: Cuticle 
with variegated coloration, light- to dark brown; vestiture light brown; abdominal tergites dark 
brown, with irregular, pale markings anteriorly on either side of median; wing more than 14 mm 
in length, infuscated, with pigment arranged in transverse bands; supernumerary cross-veins 
absent; male terminalia: with varying degree of rotation, usually 90 degrees, involving segments 
7–9; dorsal bridge of paramere with pair of projections anterolaterally; lateromedial element of 
paramere with small convex anterior lobe bearing 4–6 setiform sensilla, with a dentate mesal 
lobe set with five dissimilar projections, with a fleshy convex lobe inserted proximally, set with 
many small trichoid sensilla; dorsomedial element “I-shaped”, articulated basally with dorsal 
bridge, articulated apically with lateral ejaculatory processes of aedeagus; parameral lobe at 
gonocoxite base reniform in lateral view, with several prominent setiform sensilla inserted 
subapically; aedeagus trifurcate, with point of trifurcation asymmetrical in dorsal view in some 
specimens; phallotrema flared slightly.  Female: coloration, head, thorax, legs and wings as in 
male; spermatheca pyriform; ducts uniformly sclerotized, annulated and unpigmented. 
119 
 
Araucoderus gloriosus (Alexander), 1920   
 
Tanyderus gloriosus Alexander, 1920: 13: 5.  
Radinoderus gloriosus (Alexander) Alexander, 1927: 189: 9.  
Araucoderus gloriosus (Alexander) Alexander, 1929: 1: 228. 
Araucoderus gloriosus (Alexander) Alexander & Alexander, 1967: 5.2 [species checklist]. 
Araucoderus gloriosus (Alexander) Madriz & Courtney, 2016: 4158: 330 [redescription of 
species]. 
 
DIAGNOSIS. Egg: elongate-ovoid, white, lacking microsculpture, the only Tanyderidae known 
in this stage. Larva: cuticle translucent, varying from light grey to tan in color; head orange to 
brown in color; mandible with three prominent teeth; endocarina (glandular duct) present; 
postmentum without teeth, flat to convex anteriorly. Pupa: Body elongate, cylindrical; head with 
tubercles, antennal sheath lying between wing margin and midleg; respiratory organs 
inconspicuous, undivided and tubular; abdominal segment VIII with digitiform lobes inserted 
posterolaterally, posterior to spiracle. Male: Cuticle with variegated coloration, light- to dark 
brown; vestiture light brown; abdominal tergites dark brown, with irregular, pale markings 
anteriorly on either side of median; wing more than 14 mm in length, infuscated, with pigment 
arranged in transverse bands; supernumerary cross-veins absent; male terminalia: with varying 
degree of rotation, usually 90 degrees, involving segments 7–9; dorsal bridge of paramere with 
pair of projections anterolaterally; lateromedial element of paramere with small convex anterior 
lobe bearing 4–6 setiform sensilla, with a dentate mesal lobe set with five dissimilar projections, 
with a fleshy convex lobe inserted proximally, set with many small trichoid sensilla; dorsomedial 
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element “I-shaped”, articulated basally with dorsal bridge, articulated apically with lateral 
ejaculatory processes of aedeagus; parameral lobe at gonocoxite base reniform in lateral view, 
with several prominent setiform sensilla inserted subapically; aedeagus trifurcate, with point of 
trifurcation asymmetrical in dorsal view in some specimens; phallotrema flared slightly.  Female: 
coloration, head, thorax, legs and wings as in male; spermatheca pyriform; ducts uniformly 
sclerotized, annulated and unpigmented.  
 
 DESCRIPTION.  See also Alexander (1920).  Egg: Elongate-ovoid, white, lacking 
microsculpture; micropile not evident; laid in clusters of 10 or more. Larva IV instars: 
Measurements (n = 3), total length 31.34 mm (30.43–32.20), head width 1.35 mm (1.33–1.43), 
head length 1.67 mm (1.58–1.80). Head capsule ovate, heavily sclerotized anteriorly, 
dorsoventrally compressed, rounded posteriorly, partially retracted into prothorax; stemmata not 
apparent; primordial adult eye well-developed; frontoclypeal apotome somewhat pentagonal in 
shape, enclosed by frontal sutures; coronal suture visible medially on posterior 1/3 of the head; 
mesal endocarina ending medially on anterior clypeal margin; anterior clypeal margin composed 
of two pairs of undifferentiated lobes, medial pair elongate-transverse, lateral pair bulbous; 
labrum as broad as medial endocarinal lobes combined, broad, fleshy, somewhat dorsoventrally 
compressed; paraclypeal setae paired; labral sclerite with paired setiform sensilla widely 
separated; palatal brush with paired setiform sensilla inserted dorsally; antenna inserted 
anterolaterally; base partially shrouded by epicondyle; two-segmented, basal segment more than 
twice the length of distal segment; apical segment with at least six inconspicuous, two 
conspicuous sensilla basiconica inserted apically; mandibles well developed, symmetrical, 
pyramidal in shape, scoop-like, with three dentations apically; middle dentation projecting 
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beyond others; oral surface of mandible with well-developed prosthecal brush dorsally, two 
setiform sensilla ventrally, adoral surface with two sensilla basiconica, anterior condyle well 
developed; maxillary stipes with one prominent digitiform sensilla anterodorsally, with cluster of 
microtrichia posteroventrally; galea  globular, partially sclerotized, with three apical setiform 
sensilla; lacinia elongate, covered with microtrichia adorally, bearing one seta anterolaterally; 
palpus unsegmented, cylindrical, slightly longer than wide, set with many sensilla basiconica 
apically, with apical sensilla globose to digitiform, arranged in whirls; cardo with three setiform 
sensilla, separated from stipes by cardostipital ridge; postmentum heavily sclerotized, quadrate 
basally, with anterior margin straight or slightly emarginated, concave; postgenal bridge 
complete; prementum with saddle-shaped sclerite apically; labial palpi  cylindrical, sclerotized, 
with six digitiform sensilla apically, two almost twice as long as the rest; glossae inconspicuous, 
conical; hypopharynx cushion-like, with semicircular sclerite dorsally; pharyngeal filter, housed 
within pharynx well developed, supported by two narrow, sclerotized oral arms originating from 
hypopharynx. Thoracic segments equal in length, each bearing ten transverse, equally spaced 1–
4 branched setae dorsally, four 2–4 branched setae laterally and six clusters of 1–3 branched 
setae ventrally; prothorax bearing pair of well-developed spiracles laterally, pro- and mesothorax 
slightly differentiated by tenuous intersegmental constriction; metathorax with circular and pad-
like lobes ventrally. Abdominal segments with distinct intersegmental constrictions; abdominal 
segments I–IV with circular lobes ventrally, two simple setae, one bifurcated seta 
posterolaterally; segment VIII with one pair of posterior spiracles, one pair of elongate, 
annulated filaments extending beyond anal division; filaments with evenly spaced simple setae 
posteriorly; anal division with one pair of elongate, annulated filaments dorsally, one pair of 
prolegs ventrally; prolegs each with elongate, annulated filament inserted dorsoapically, with 
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two rows of retractile hooks apically, basal row with 11–13 hooks, apical row with 12–13 
slightly longer hooks; anal papillae elongate-digitiform, twice the length of extended prolegs. 
Pupa: Male: Measurements (n = 1), total length 18.40 mm, respiratory organ 0.50 mm. Body 
elongate, cylindrical, with cephalothorax circumference slightly larger than abdomen; 
mouthparts and thoracic appendages fused to each other and to remainder of cephalothorax. 
Head with tubercles; dorsal apotome apically with single sensilla, apotome ventrally abutting 
anterior margin of face; cephalic sclerite with one seta, sclerite fused anterolaterally to orbital 
portion of head capsule; antenna extending posteriorly to between wing margin and midleg; 
clypeal apotome with pair of sensilla inserted basally; mouthparts restricted to area anterior of 
forecoxae; apex of labrum truncate; mandible present, maxilla absent; palpus directed obliquely 
anterolaterally; labella divided medially; sensilla: setae arising from lobes; dorsal apotomals 
bilobed. Thorax: respiratory organ tubular, with numerous annulations, pores concentrated at 
apex; legs directed posteriorly, with tarsi extending posteriorly beyond wing apex, lying parallel 
to each other; metanotum undivided medially, haltere extended posterolaterally before  
anterolateral margin of abdominal tergite 2. Abdomen: circular in cross-section; tergites I–VIII 
with setae arranged in transverse rows on sclerotized bands bearing small coniform tubercles; 
pleurites II–VII with setae arranged in one caudal longitudinal row of three setae and one seta 
inserted in medial tubercle, adjacent to spiracle; sternites I–VIII with one pair of setae inserted 
posteriorly;  segment VIII with posterolateral fleshy lobes bearing two setae posteriorly to 
spiracle; Segment IX without setae, a pair of posterior dorsomedial fleshy lobes present; terminal 
process apically tapered in both sexes. Female: Measurements (n = 1), total length 23.52 mm, 
respiratory organ 0.57 mm. In other details, same as male. Male (Fig. 1, 31):  Measurements (n = 
5), total length 14.66 mm (12.48–17.28); head length 1.48 mm (1.42–1.56); head width 1.22 mm 
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(1.16–1.30); palpus length 1.54 mm (segment length average 0.15–0.24–0.57–0.31–0.32); 
clypeus length 0.41 mm (0.40–0.44); clypeus width 0.37 mm (0.35–0.39); wing length 15.82 mm 
(14.14–18.08); wing width 3.75 mm (3.35–4.05).  Head with mandible and maxilla poorly 
developed; antenna with scape and pedicel glabrous, each with several setiform sensilla inserted 
distally; scape cylindrical, slightly larger than pedicel; pedicel spherical; flagellomeres 
numbering 15, all elongate, more than 3 times longer than wide, cylindrical; f 1 slightly longer 
than f 2; f 3–14 each with 4–5 trichoid sensilla inserted near base of flagellomere, arranged 
concentrically, as long or longer than flagellomere; f 1–15 each with several basiconic sensilla 
throughout; f 15 with 3 trichoid sensilla inserted apically. Cervical sclerites more than two times 
longer than wide. Wing (Figs. 11–12) held away from body at angle in live resting individual; 
infuscate, with three transverse bands of pigment, basal-most band extending from h vein to 
posterior wing margin and slightly beyond proximal area of anal loop, medial band extending 
from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through 
r-m and m-cu; apical-most band touching C vein on both sides of wing, appearing as an “X” 
from anterior margin of wing to apices of R4, M2; costal cell yellow in color; cell r1 with two 
isolated, irregular, infuscated spots, one midlength of vein Rs and a second spot at cell apice; 
other spots, when present, variable among individuals. Halteres pale yellow at base, dark at apex. 
Legs light to dark brown, darker at both ends: Tibial spurs 0–2–2, symmetrical. Abdomen: 
segment I less than half as long as next segment, causing abdomen to droop ventrally; tergites 
dark brown with large irregular pale yellow markings basally on either side of medial line, each 
with dark yellow ovoid pattern centrally, basally. Terminalia (Fig. 31) with torsion of segments 
7–9 variable from 0 to 180 degrees; epandrium slightly wider than long, with setae alveoli 
distributed over entire surface; hypandrium not evident; gonocoxites  narrowly contiguous at 
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base, divergent from each other at origin, each nearly cylindrical, tapering slightly toward apex; 
setiform sensilla or setae alveoli distributed over dorsal, ventral and lateral surface, absent 
mesally; gonostylus cylindrical, about 2/3 length of gonocoxite, slightly tapering at apex, curved 
medially, with prominent setae alveoli evenly distributed over surface, hirsute apically; proctiger 
recessed anteriorly, nested within epandrium; cercus inconspicuous, unmodified, setose; 
paramere subdivided into dorsal bridge, lateromedial element, dorsomedial element and 
parameral lobe at gonocoxite base; dorsal bridge arch-shaped, with a pair of small projections 
anterolaterally; lateromedial element broadly interconnected with gonocoxite anteromesally, 
divided into three prominent lobes, anterior lobe small, convex, with 4–6 setiform sensilla, mesal 
lobe dentate, with five dissimilar projections, with fleshy convex lobe proximally bearing many 
small trichoid sensilla; dorsomedial element “I-shaped”, articulated basally with dorsal bridge, 
articulated apically with lateral ejaculatory processes of aedeagus; parameral lobe at gonocoxite 
base reniform in lateral view, with several prominent setiform sensilla inserted subapically, many 
smaller trichoid sensilla inserted on entire surface; ejaculatory apodeme extending anteriorly to 
abdominal segment 7 terminus, laterally compressed, clavate at base, with surface corrugated; 
sperm sac balloon-like, surrounded by aedeagus posteriorly, attached to ejaculatory apodeme 
anteriorly; aedeagus narrowed abruptly at base, trifurcated at midlength; point of trifurcation 
asymmetrical in dorsoventral view; phallotrema flared slightly, placed between cerci when at 
rest; testes pyriform, rounded anteriorly, differentiated from vasa deferentia only by width, 
shape; vasa deferentia, testes rugose in appearance; ejaculatory duct lightly sclerotized, entering 
sperm sac through ejaculatory apodeme foramen. Female (Figs. 32):  Measurements (n = 3), total 
length 21.02 mm (19.20–24.48); head length 1.51 mm (1.25–1.72); head width 1.23 mm (1.14–
1.38); clypeus length 0.47 (0.37–0.55); clypeus width 0.40 (0.35–0.47); palpus length 1.80mm 
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(palpomere length average 0.11–0.34–0.66–0.32–0.36); wing length 18.56 mm (16.15–22.08); 
wing width 4.92 mm (4.00–5.96).   Head with eyes as in male; mandible and maxilla twice as 
long as wide; antenna as in male. Wing as in male.  Terminalia with posterior margin of sternite 
VIII broadly bilobate, strongly emarginate medially, emargination with “square U” shape; 
genital fork transversely elongated posteriorly, more than eight times longer than wide, “Y”-
shaped medially, acuminate anteriorly; spermatheca numbering three; corpora ovoid, with visible 
necks; spermathecal ducts annulated and uniformly sclerotized, more than twice as long as 
corpora, unpigmented. 
 DISTRIBUTION.  See Map 1. Araucoderus gloriosus (Alexander) is currently known 
from multiple localities in Patagonia. All confirmed records lie between latitudes 38°31’S and 
48°02’S, ranging in altitude from 2 to 1700masl. A survey of the central regions of Chile yielded 
no specimens. There is one published Araucoderus record from Argentina (Alexander, 1959). 
TYPE MATERIAL.  Chile. Región XI (Aysén): Holotype m#: Chile Rio Aysén, 
approximately, coll. P. Dusen, no date given; the specimen is deposited in two museums. 
Naturhistoriska Riksmuseet Stockholm, Sweden (NHRM) and the USNM. The latter possesses 
only the wing, antenna and middle leg. Only the USNM material was examined during the 
current study. 
 OTHER MATERIAL EXAMINED.  See Map 1.  Chile. Región IX (Araucanía): Estero 
el Rosario @ confluence with Estero la Cascada 39°23’12.93”S 71°41’46.27”W, 710masl, 
3.x.2007, coll. G.W. Courtney, [2L]; Villarica N.R. Río Quelhue @ northeast side Lago 
Villarrica 39°14.134’S 71°57.758’W, 230masl, 29.xi.2013, coll. R.I. Madriz, on riparian 
vegetation [1m#]; Río Blanco Sur, downstream from Conguillío Road 38°31’16.62”S 
71°50’17.70”W, 601masl, 19.xii.2013, coll. G.R. Curler, riparian vegetation [1f#]. Región XIV 
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(Los Ríos): Estero Truful @ Hwy 203 crossing 39°49’29.97”S 71°59’53.63”W, 230masl, 
4.xii.2013, coll. R.I. Madriz [3m#]. Región X (Los Lagos): Casa Pangue Llanquihue, 4.xii.1926, 
coll. E.S. Shannon [1m#]; Ensenada, Llanquihue, 2.i.1937, coll. E.C. Reed [1m#]; Llanquihue 
Hornohuinco, xii.1968, coll. L.E. Pena [1m#]; Lago Puyehue southeast shore, 10.ii.1978, coll. 
W.N. Mathis [1m#]; Osorno Prov. Laguna el Espejo, 7.ii.1978, col. W.N. Mathis [1m#]; Palena 
Río Amarillo ca. 28km southeast Chaitén, 23.i.1987, coll. C.M. & O.S. Flint, Jr., [1m#]; 
Llanquihue Prov. Río del Este @ Río Cochamó, 5km east Cochamó 41°30’S 72°16’W, 2–
4.ii.1998, coll. N.E. Woodley [9m#]; Prov. Llanquihue, {Cayutue} near Ralún 41°14’S 
72°16’W, 12.ii.1998, coll. N.E. Woodley [2m#]; Puyehue N.P., Río Anticura above Salto Río 
Anticura, 40°40’16.14”S 72°10’12.88”W, 395masl, 4.xii.2008 coll. G.W. Courtney [1L]; 
Puyehue N.P., Río Anticura above Salto Río Anticura, 40°40’16.14”S 72°10’12.88”W, 395masl, 
6.xii.2013, coll. R.I. Madriz [1m#]; Puyehue N.P., Sendero Pudú 40°40’15.1”S 72°10’11.6”W, 
393masl, 9.xii.2013, coll. S. Marshall & G.W. Courtney [1m#]; Río Blanco @ Puente Río 
Blanco Arenales 41°03’04.6”S 72°39’46.8”W, 69masl, 9&13.xii.2013, coll. R.I. Madriz & G.W. 
Courtney  [2L, 1P, 2m#, 1f#]; Puyehue N.P., Río Colorado @ Puente Arauco Sendero de Chile 
40°40’15.5”S 72°08’43.9”W, 467masl, 10.xii.2013, coll. R.I. Madriz, G.W. Courtney & G.R. 
Curler [10L, 1P, 13m#,1f#]; Small creek ≈7km above Ralún on road to Cayetué 41°19’50.7”S 
72°16’30.1”W, 240masl, 12.xii.2013, coll. R.I. Madriz & G.W. Courtney [6L, 5 m#]; Cayetué 
Road, small creek ≈ 5.5k above Ralún 41°20'20.89"S 72°16'23.40"W, 150masl, 13.xii.2013, coll. 
G.W. Courtney, riffle kick sample [5 instar IV larvae]; Río Pedregoso @ Puente Pedregoso 
41°20’12.9”S 72°24’27.3”W, 55masl, 13.xii.2013, coll. R.I. Madriz [3m#]; Río Blanco @ 
Puente Río Blanco, 40°58’36.5”S 72°35’01.9”W, 242masl, 14.xii.2013, coll. R.I. Madriz [2m#]; 
Río Blanco @ Puente Río Blanco 41°00’30.2”S 72°34’13.9”W, 330masl, 14.xii.2013, coll. R.I. 
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Madriz [2m#]; Río Llaquepe @ Puente Llaquepe 41°43’43.9”S 72°28’51.4”W, 33masl, 
15.xii.2013, coll. R.I. Madriz  [1 f#]; Río Negro Chaqueihua 0.5km N of intersection to 
Hornopirén N.P. 41°55'38.2"S 72°25'19.6"W, 39masl, 15.xii.2013, coll. R.I. Madriz & G.W. 
Courtney [4L, 1m#, 1f#]; Río la Arena @ Puente la Arena 42°00’03.6”S 72°26’11.8”W, 32masl, 
16.xii.2013, coll. R.I. Madriz  [1P, 1 m#]; Río Santa Juanita @ Puente Santa Juanita 
42°07’38.1”S 72°27’54.8”W, 32masl, 16.xii.2013, coll. R.I. Madriz [2m#]; Río Pichicolo 
southwest Hornopirén 41°59’07.7”S 72°33’51.7”W, 19masl, 17.xii.2013, coll. G.W. Courtney  
[3L];  Región XI (Aysén): Creek crossing @ highway 7 46°14’46.0”S 72°47’31.9”W, 273masl, 
27.xii.2013, coll. R.I. Madriz  [1m#]; West of intersection to Caleta Tortel 47°46’48.1”S 
73°19’00.2”W, 51masl, 26.xii.2013, coll. R.I. Madriz   [11m#, 3f#]; Creek @ road to 
Ventisquero Mont 6km south of intersection to Villa O’Higgins 48°02’58.7”S 73°07’52.7”W, 
74masl, 25.xii.2013, coll. R.I. Madriz  [1m#]. 
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Fig. 2. Eutanyderus wilsoni Alexander male habitus, lateral view.   
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Eutanyderus Alexander, 1928 
 
Eutanyderus Alexander, 1928: pp. 371. Type species: Eutanyderus wilsoni Alexander, by 
original designation. 
 
DIAGNOSIS (bases on E. wilsoni). Egg: Unknown. Larva: Undescribed. Pupa: Undescribed. 
Male: Head almost as long as thorax; cuticle with  coloration, light- to dark brown; vestiture light 
brown; abdominal tergites dark brown, with irregular, pale markings on either side of median; 
wing more than 8 mm in length, infuscated, with pigment arranged in transverse bands; 
supernumerary cross-veins absent; male terminalia: with 90 degree rotation; epandrium with 
three disctinc lobes, with stout setae alveoli on lateral lobes inserted over entire surface, medial 
lobe with less stout smaller setae with three prominent lobes; PM DB broadly fused with PM 
LME  laterally, not fused with PM GBL, with pair of projections anterolaterally; PM LME 
rooted in dorsal brigde, with small convex anterior lobe bearing many setiform sensilla, with a 
sickle shape lobe apically with many small setae; PM DME “I-shaped”, fused with dorsal bridge 
at base and with lateral ejaculatory processes of aedeagus at apex; PM GBL partially 
differentiated from gonocoxite by lightly sclerotized area; aedeagus with all phallotrema fused as 
a single duct. Female: coloration, head, thorax, legs and wings as in male; genital fork 
transversely elongated, more than three times longer than wide, “U”-shaped medially; 
spermathecal capsules pigmented, elongate and coiled; spermathecal ducts annulated, extremely 
elongate, coiled, unpigmented. 
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Eutanyderus wilsoni Alexander, 1928   
 
Eutanyderus wilsoni Alexander, 1928: 53: 371.  
Eutanyderus wilsoni Alexander; Colless, 1962: 87: 311 [note on wing characters] 
Eutanyderus wilsoni Alexander; Hinton, 1966: 14: 365 [pupa spiracular gills described]. 
Eutanyderus wilsoni Alexander; Colless & McAlpine, 1991: 34: 687 [geographic synopsis]. 
Eutanyderus wilsoni Alexander; Colless & McAlpine, 1991: 2: 717 [geographic synopsis]. 
 
DIAGNOSIS. Egg: Unknown. Larva: Undescribed. Pupa: Undescribed. Male: Head almost as 
long as thorax; cuticle with  coloration, light- to dark brown; vestiture light brown; abdominal 
tergites dark brown, with irregular, pale markings on either side of median; wing more than 8 
mm in length, infuscated, with pigment arranged in transverse bands; supernumerary cross-veins 
absent; male terminalia: with 90 degree rotation; epandrium with three disctinc lobes, with stout 
setae alveoli on lateral lobes inserted over entire surface, medial lobe with less stout smaller 
setae with three prominent lobes; PM DB broadly fused with PM LME  laterally, not fused with 
PM GBL, with pair of projections anterolaterally; PM LME rooted in dorsal brigde, with small 
convex anterior lobe bearing many setiform sensilla, with a sickle shape lobe apically with many 
small setae; PM DME “I-shaped”, fused with dorsal bridge at base and with lateral ejaculatory 
processes of aedeagus at apex; PM GBL partially differentiated from gonocoxite by lightly 
sclerotized area; aedeagus with all phallotrema fused as a single duct. Female: coloration, head, 
thorax, legs and wings as in male; genital fork transversely elongated, more than three times 
longer than wide, “U”-shaped medially; spermathecal capsules pigmented, elongate and coiled; 
spermathecal ducts annulated, extremely elongate, coiled, unpigmented.  
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 DESCRIPTION.  See also Alexander (1920).  Egg: Unknown. Larva: Unavailable for 
this study.  Pupa: Undescribed. Male (Fig. 33):  Measurements (n = 1), total length 7.73 mm; 
head length 1.10 mm; head width 0.92 mm; clypeus length 0.33 mm; clypeus width 0.29 mm; 
Labrum + Labellum length 0.19 mm; palpus length 1.41 mm (segment length 0.12–0.57–0.31–
0.23–0.18); wing length 8.25 mm; wing width 2.00 mm.  Head almost as long as thorax, with 
maxilla poorly developed; mandible elongate, stylet in shape; antenna with scape and pedicel 
glabrous, each with several setiform sensilla inserted distally; scape cylindrical, slightly larger 
than pedicel; pedicel spherical; flagellomeres numbering 13, all elongate, more than 3 times 
longer than wide, cylindrical; f 1 almost twice longer than f 2; f 3–12 each with 4–5 trichoid 
sensilla inserted near base of flagellomere, arranged concentrically, as long or longer than 
flagellomere; f 1–15 each with several basiconic sensilla throughout; f 13 half as lonf as f 12. 
Cervical sclerites slightly longer than wide. Wing (Figs. 13–14) held away from body at angle; 
with infuscation lighter than in female, with six transverse bands of pigment; basal-most band 
extending from h vein to posterior wing margin and slightly beyond proximal area of anal loop; 
second band extending from midlength of Sc vein to posterior edge of C vein at distal end of anal 
lobe, passing through base of Rs, third band extending from midlength of Sc vein to posterior 
edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort band present as a 
blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, connecting with third 
band across radial sector; fifth band touching C vein on both sides of wing, interrupted medially, 
in some specimens anterior portion connecting with sixth band and posterior portion connecting 
with fourth band; apical most band uninterrupted, touching C vein at apices of R1–R5 and M1–
M2. Halteres pale yellow at base, dark at apex. Legs yellow with light brown coloration at distal 
end of femur and tibia: Tibial spurs 1–2–2, symmetrical; all legs with tarsal spurs present in 
132 
 
tarsomeres I and II (tarsal spurs length 0.03–0.05); tarsomere 4 with a stout spine ventally 
(tarsomere missing in foreleg), tarsomere 5 with stout sensilla ventrally. Abdomen: segment I 
less than half as long as next segment, causing abdomen to droop ventrally; tergites dark brown 
with large irregular light brown markings on either side of medial line. Terminalia (Fig. 33) with 
torsion of segments 7–9 to 180 degrees; gonocoxites narrowly contiguous at base, divergent from 
each other at origin, each nearly cylindrical; setiform sensilla or setae alveoli distributed 
throughout, with larger setae mesally; gonostylus cylindrical, subequal in length to gonocoxite, 
round at apex, curved medially, with prominent setae alveoli evenly distributed over surface, 
hirsute apically; epandrium with three disctinc lobes, slightly wider than long, with stout setae 
alveoli on lateral lobes inserted over entire surface, medial lobe with less stout smaller setae; 
hypandrium band-like; proctiger recessed anteriorly, nested within epandrium; cercus 
inconspicuous, unmodified, setose; PM DB arch-shaped, with a pair of large projections 
anterolaterally; PM LME rooted in dorsal brigde, with small convex anterior lobe bearing many 
setiform sensilla, with a sickle shape lobe apically with many small setae; PM DME “I-shaped”,  
fused with PM DB dorsally and with lateral ejaculatory processes of aedeagus; PM GBL 
partially differentiated from gonocoxite by lightly sclerotized area; ejaculatory apodeme 
extending anteriorly to abdominal segment 7 terminus, cilindrical, flared anteriorly; sperm sac 
missing; aedeagus with all ducts fused as single phallotrema, placed between cerci when at rest; 
testes and vasa deferentia missing; ejaculatory duct lightly sclerotized, entering sperm sac 
through ejaculatory apodeme foramen. Female (Fig. 33):  Measurements (n = 3), total length 
9.71 mm (8.50–10.92); head length 1.23 mm (1.13–1.32); head width 0.23 mm (0.72–0.92); 
clypeus length 0.37 (0.35–0.39); clypeus width 0.21 (0.20–0.23); Labrum + Labellum length 
1.12 mm (1.10–1.14); palpus length 1.64 mm (palpomere length average 0.12–0.59–0.49–0.22–
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022); wing length 8.75 mm (8.30–9.20); wing width 2.53 mm (2.50–2.55).   Head with eyes and 
antenna as in male. Wing as in male, with infuscation more pronounced than male.  Terminalia 
with posterior margin of sternite VIII broadly bilobate, strongly emarginate medially, 
emargination with triangulat shape; genital fork transversely elongated, more than three times 
longer than wide, “U”-shaped medially; spermatheca numbering three; spermathecal capsules 
pigmented, readily differentiated from ducts, elongate and coiled, rounded terminally; 
spermathecal ducts annulated, extremely elongate, coiled, unpigmented. 
 DISTRIBUTION.  See Map 2. Eutanyderus wilsoni Alexander is currently known from 
multiple localities in Victoria, Australia. All confirmed records lie between latitudes 37°34’S and 
37°51’S, ranging in altitude from 548 to 1036masl.  
TYPE MATERIAL.  Australia. Victoria: Holotype m#: Mountains near Millgrove, 
[approx. 37°43'53.61"S 145°39'47.63"E], 609masl, 23.x.1927, coll. F.E. Wilson; the specimen is 
deposited in two museums. National Museum of Victoria, Australia (NMM) and the USNM. The 
latter possesses only a partial antena. Only USNM material was examined in the current study. 
OTHER MATERIAL EXAMINED.  See Map 2.  Australia. Victoria: Millgrove, [approx. 
37°43'53.61"S 145°39'47.63"E], 23.x. 1927, coll. F.E. Wilson, deposited USNM [Allotype f#]; 
Olinda, Belgrane disctrict, [approx. 37°51'21.56"S 145°21'51.69"E], 548masl, 8.xii.1929, coll. 
F.E. Wilson, deposited USNM [slide mounted wings 2#]; Warburton, [approx. 37°45'11.83"S 
145°41'41.42"E], 1036masl, 6.xii.1931, coll. F.E. Wilson, deposited USNM [1f#]; Mt. Dom 
Dom, [approx. 37°34'56.04"S 145°38'18.74"E], 22.x.1961,  coll. D.H. Colless, deposited CNC 
[1f#]; Cement Crk, [approx. 37°42'40.75"S 145°42'35.64"E], 27.x.1961, coll. D.H. Colless, 
deposited CNC [1m#]. 
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Fig. 3. Mischoderus annuliferus (Hutton) female habitus, lateral view.   
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Mischoderus Handlirsch, 1909 
 
Mischoderus Hardlirsch, 1909: pp. 270. Type species: Tanyderus forcipatus Osten Sacken, by 
original designation. 
 
DIAGNOSIS. Egg: Unknown. Larva: cuticle translucent, varying from light grey to tan in color; 
head orange to brown in color; mandible with three prominent teeth; endocarina (glandular duct) 
present; postmentum without five teeth, convex anteriorly, body setae palmate. Pupa: Unknown. 
Male: Cuticle with variegated coloration, light- to dark brown; vestiture light brown; abdominal 
tergites dark brown, with irregular, pale markings anteriorly on either side of median; wing more 
than 14 mm in length, infuscated, with pigment arranged in six transverse bands; veins stouter 
and bearing more setae than other genera; supernumerary cross-veins present in cells r3, r4 and 
sometimes r5; male terminalia: epandrium with posterior margin entire, without posterolateral lobes, 
sometimes slightly emarginate at median,  posterior margin always with stout, sometimes peg-like setae 
inserted along its entire width; gonocoxites broad at base, narrowing toward apex, with conical 
appearance, bases approximate, partially fused with hypandrium antero basally, gap between gonopods 
varying in width, but never very wide; gonostylus cilyndrical from base to apex, with dense cluster of 
short  setae at apex, apex of gonostyle broadly rounded, directed medially; PM DB with pair of 
projections anterolaterally; PM LME significantly reduced, evident as a conspicuous bump, 
missing in some species; PM DME prominent, “I” shaped, connected to dorsal bridge at base, 
straddling the base of the aedeagus at apex; PM GBL elongated dorsoventrally, fused along 
entire inner base of gonocoxite, covered in prominent setiform, elongate sensilla; aedeagus 
trifurcate, elongate, with branches equal or slightly unequal in length; PM VP not clearly  evident; 
phallotrema slightly flared at apex, never conspicuously flared.  Female: coloration, head, thorax, legs 
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and wings as in male; spermatheca pyriform; ducts uniformly sclerotized, annulated and 
unpigmented. 
 
 
Mischoderus annuliferus (Hutton), 1900 
 
Tanyderus annuliferus Hutton, 1900: 8: 48.  
Mischoderus annuliferus (Hutton) Handlirsch, 1909: 270.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle with variegated 
coloration, light- to dark brown; vestiture light brown; abdominal tergites dark brown, with 
irregular, pale markings anteriorly on either side of median; wing more than 14 mm in length, 
infuscated, with pigment arranged in six transverse bands; supernumerary cross-veins present in 
cells r3–r5; legs yellow with dark coloration apically in each segment; male terminalia: PM DME 
somewhat “X- shaped”; aedeagus trifurcate, with point of trifurcation symmetrical; phallotrema 
straight, flared slightly.  Female: c Terminalia with posterior margin of sternite VIII broadly 
bilobate, strongly emarginate medially, emargination with “U” shape; genital fork transversely 
elongated posteriorly “V”-shaped medially; spermatheca numbering three; corpora ovoid 
unpigmented ; spermathecal ducts annulated and uniformly sclerotized, unpigmented. 
 
 DESCRIPTION.  See also Alexander (1920).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male (Fig. 34a):  Measurements (n = 10), total length 14.66 mm (12.48–17.28); head 
length 1.48 mm (1.42–1.56); head width 1.22 mm (1.16–1.30); palpus length 1.54 mm (segment 
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length average 0.15–0.24–0.57–0.31–0.32); clypeus length 0.41 mm (0.40–0.44); clypeus width 
0.37 mm (0.35–0.39); wing length 15.82 mm (14.14–18.08); wing width 3.75 mm (3.35–4.05).  
Head with mandible and maxilla poorly developed; antenna with scape and pedicel glabrous, 
each with several setiform sensilla inserted distally; scape cylindrical, slightly larger than 
pedicel; pedicel spherical; flagellomeres numbering 14, all elongate, more than 3 times longer 
than wide, cylindrical; f 1 slightly longer than f 2; f 3–12 each with 4–5 trichoid sensilla inserted 
near base of flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–12 
each with several basiconic sensilla throughout; f 12 with 3 trichoid sensilla inserted apically. 
Cervical sclerites more than two times longer than wide. Wing (Figs. 15–16) held away from 
body at angle; infuscate, with six transverse bands of pigment, basal-most band extending from h 
vein to posterior wing margin and slightly beyond proximal area of anal loop, second band 
present as a circular ring-like pattern surrounding base of vein Rs, third band extending from 
midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through r-m 
and m-cu; fourth band present as a ring-like pattern surrounding vein Sc-r, fift band touching C 
vein on both sides of wing,  apical-most band continuous from R1–M2; costal cell pale yellow in 
color. Halteres pale yellow at base, dark at apex. Legs yellow with dark coloration apically in 
each segment: Tibial spurs 0–2–2, symmetrical. Abdomen: segment I less than half as long as 
next segment; tergites dark brown with large irregular pale yellow markings basally on either 
side of medial line. Terminalia (Fig. 34a) with torsion of segments 7–9; epandrium slightly wider 
than long, slightly emarginated at median, with setae alveoli distributed over entire surface; 
hypandrium not evident; gonocoxites broad at base, narrowing at apex, with conical appearance; 
gonostylus cylindrical, about 2/3 length of gonocoxite, with apex broadly rounded, directed 
medially, hirsute apically; PM DB rectangular in shape with a pair of small projections 
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anterolaterally; PM LME missing; PM DME somewhat “X-shaped”, articulated basally with 
dorsal bridge, articulated apically with lateral ejaculatory processes of aedeagus; PM GBL 
elongated dorsoventrally, fused along entire inner base of gonocoxite, covered in prominent 
setiform, elongate sensilla; ejaculatory apodeme extending anteriorly to abdominal segment 7 
terminus, laterally compressed, clavate at base; aedeagus trifurcate, elongate, with branches 
equal in length; point of trifurcation symmetrical in dorsoventral view; phallotrema straight, 
flared slightly.  Female:  Measurements (n = 6), total length 21.02 mm (19.20–24.48); head 
length 1.51 mm (1.25–1.72); head width 1.23 mm (1.14–1.38); clypeus length 0.47 mm (0.37–
0.55); clypeus width 0.40 mm (0.35–0.47); palpus length 1.80mm (palpomere length average 
0.11–0.34–0.66–0.32–0.36); wing length 18.56 mm (16.15–22.08); wing width 4.92 mm (4.00–
5.96).   Head with eyes as in male; mandible and maxilla twice as long as wide; antenna as in 
male. Wing as in male.  Terminalia with posterior margin of sternite VIII broadly bilobate, 
strongly emarginate medially, emargination with “U” shape; genital fork transversely elongated 
posteriorly “V”-shaped medially; spermatheca numbering three; corpora ovoid unpigmented ; 
spermathecal ducts annulated and uniformly sclerotized, unpigmented. 
 DISTRIBUTION.  See Map 3. Mischoderus annuliferus (Hutton) is currently known 
from multiple localities in New Zealand. All confirmed records lie between latitudes 36°16’S 
and 46°20’S.  
TYPE MATERIAL.  Holotype: New Zealand, Wellington (Hudson) 1899. No further 
information was found; Type specimen was not available for this study.  
 OTHER MATERIAL EXAMINED.  See Map 3.  New Zealand.  Southland: Longwoods 
[aprox. 46°20'43.46"S 167°57'20"E], 5.xii.1913, det. Alexander [1m#]. West Coast:  Ross 
[aprox. 42°54'23"S 170°49'25"E], 28.ii.1923, coll. T. R. Harris [1m#, 1f#]; Kumara hotunui 
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[aprox. 42°37'48"S 171°11'7"E], 15.ii.1930, coll.W. Campbell 2m#, 1f#]. Nelson: Poormans 
ck.stoke [aprox. 41°19'1"S 173°14'59"E], 24.x.1969. Wellington: Wellington [aprox. 41°17'13"S 
174°46'34"E 9.1920], coll. G.V. Hudson [1f#], Wellington [aprox. 41°17'13"S 174°46'34"E 
9.1921], coll. G.V. Hudson [1f#], Wellington [aprox. 41°17'13"S 174°46'34"E] 9.1920, coll. 
G.V. Hudson [1f#]. Hawke’s Bay: White Pine Bush 39°17'19"S 176°52'48"E, 1.x.1967, coll. 
T.H. Davies [1m#]. Manawatu-Wanganui: hwy 40. W of Ohura, Cascading, [aprox. 38°50'39"S 
174°58'31"E], 02.ii.1995, coll. B.J.Sinclair. Aukland: No. Auckland, Swanson, [aprox. 
36°51'57"S 174°34'37"E], 16.iii.1950, coll. W. Long [1f#]; No. Auckland, Swanson, [aprox. 
36°51'57"S 174°34'37"E], 30.iii.1951 [1m#]; Henderson Opanuku Walkway @ Border Rd, 
[aprox. 36°51'57"S 174°34'37"E 18.x.2006, coll. S.E. Thorpe. Northland: wellsford, whangaripo 
valley rd. [aprox. 36°16'48.23"S 174°35'38.81"E], 27.ix.1984, coll. M.Laird. 
 
 
Mischoderus forcipatus (Osten Sacken), 1880   
 
Tanyderus forcipatus Osten Sacken, 1880: 29: 520.  
Mischoderus forcipatus (Osten Sacken) Handlirsch, 1909: 270.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle with variegated 
coloration, light- to dark brown; vestiture light brown; abdominal tergites dark brown, with 
irregular, pale markings anteriorly on either side of median; wing more than 14 mm in length, 
infuscated, with pigment arranged in six transverse bands; supernumerary cross-veins present in 
cells r3,r4; Legs robust, yellow with dark brown coloration at both ends of each segment; male 
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terminalia: PM DME “I- shaped”; PM LME significantly reduced, evident as a conspicuous 
bump;  aedeagus trifurcate, with point of trifurcation symmetrical; phallotrema sslightly arcuate, 
flared slightly.  Female: coloration, head, thorax, legs and wings as in male; spermatheca 
Terminalia with posterior margin of sternite VIII straight, strongly emarginate medially, 
emargination with “V” shape; genital fork weakly sclerotized, transversely elongated posteriorly 
“V”-shaped medially; spermatheca numbering three; corpora ovoid, unsclerotized 
 
 DESCRIPTION.  See also Alexander (1920).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male (Fig. 34b):  Measurements (n = 2), total length 14.66 mm; head length 1.40 
mm; head width 1.19 mm; palpus length 1.52 mm (segment length average 0.14–0.25–0.58–
0.30–0.32); clypeus length 0.39 mm; clypeus width 0.35 mm; wing length 15.02 mm; wing 
width 3.70 mm.  Head with mandible and maxilla poorly developed; antenna with scape and 
pedicel glabrous, each with several setiform sensilla inserted distally; scape cylindrical, slightly 
larger than pedicel; pedicel spherical; flagellomeres numbering 14, all elongate, more than 3 
times longer than wide, cylindrical; f 1 slightly longer than f 2; f 3–12 each with 4–5 trichoid 
sensilla inserted near base of flagellomere, arranged concentrically, as long or longer than 
flagellomere; f 1–12 each with several basiconic sensilla throughout; f 12 with 3 trichoid sensilla 
inserted apically. Cervical sclerites more than two times longer than wide. Wing held away from 
body at angle; infuscate, similar to M. annuliferus. with six transverse bands of pigment, basal-
most band extending from h vein to posterior wing margin and slightly beyond proximal area of 
anal loop, second band present as a circular pattern surrounding base of vein Rs, third band 
extending from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, 
passing through r-m and m-cu; fourth band present as a round-like pattern surrounding vein Sc-r, 
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fift band touching C vein on both sides of wing,  apical-most band continuous from R1–M2; 
costal cell pale yellow in color. Halteres pale yellow at base, dark at apex. Legs robust, yellow 
with dark brown coloration at both ends of each segment: Tibial spurs 0–2–2, symmetrical. 
Abdomen: segment I less than half as long as next segment; tergites dark brown with large 
irregular pale yellow markings basally on either side of medial line. Terminalia (Fig. 34b); 
epandrium slightly wider than long, emarginated at median, with dense setae alveoli distributed 
apically; hypandrium not evident; gonocoxites broad at base, narrowing at apex, with conical 
appearance; gonostylus cylindrical, about 2/3 length of gonocoxite, with apex broadly rounded, 
directed medially, hirsute apically; PM DB rectangular in shape with a pair of small projections 
anterolaterally; PM LME significantly reduced, evident as inconspicuous bump covered in short 
setae and microtrichia, fused morphodorsally with dorsal bridge, fused morphoventrally with PM 
GBL; PM DME “I-shaped”, articulated basally with dorsal bridge, articulated apically with 
lateral ejaculatory processes of aedeagus; PM GBL elongated dorsoventrally, fused along entire 
inner base of gonocoxite, covered in prominent setiform, elongate sensilla; ejaculatory apodeme 
extending anteriorly to abdominal segment 7 terminus, laterally compressed, clavate at base; 
aedeagus trifurcate, elongate, with branches equal in length, lateral branches slightly arcuate; 
point of trifurcation symmetrical; phallotrema flared slightly. Female:  Measurements (n = 2), 
total length 11.15 mm; head length 1.35 mm; head width 1.00 mm; clypeus length 0.55mm; 
clypeus width 0.20mm; palpus length 1.80mm (palpomere length average 0.11–0.33–0.67–0.30–
0.38); wing length 12.00 mm; wing width 2.700 mm.   Head  and wings as in male.  Terminalia 
with posterior margin of sternite VIII straight, strongly emarginate medially, emargination with 
“V” shape; genital fork weakly sclerotized, transversely elongated posteriorly “V”-shaped 
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medially; spermatheca numbering three; corpora ovoid, unsclerotized; spermathecal ducts 
annulated and uniformly sclerotized, unpigmented. 
 DISTRIBUTION.  See Map 4. Mischoderus forcipatus (Osten Sacken) is currently 
known from multiple localities in New Zealand. All confirmed records lie between latitudes 
35°30’S and 43°37’S, ranging from 0–457 masl. 
TYPE MATERIAL.  Holotype [m#]: No further information was found; Type specimen 
was not available for this study.  
 OTHER MATERIAL EXAMINED.  See Map 4.  New Zealand.  Marlborough: L. 
Rotoiti, [aprox. 41°49'15"S 172°50'12"E], 600masl, 27.xii.1984, coll. A.K.Walker [1m#, 1f#]. 
Northland: big river rd. Towhai, [aprox. 35°29'47.32"S 174° 7'52.10"E], 24.i.1972, coll. S.F.  
Reefton [1m#, 1f#]. 
 
 
Mischoderus marginatus (Edwards), 1923. Not available for this study. 
 DISTRIBUTION.  See Map 5. Mischoderus marginatus (Edwards) is currently known 
from one location in New Zealand. 
 
 
Mischoderus neptunus (Edwards), 1923. Not available for this study. 
 DISTRIBUTION.  See Map 6. Mischoderus neptunus (Edwards) is currently known from 
one location in New Zealand. 
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Mischoderus varipes (Edwards), 1923 
 
Tanyderus varipes Edwards, 1923: 27: 272.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle with variegated 
coloration, light- to dark brown; vestiture light brown; abdominal tergites dark brown, with 
irregular, pale markings anteriorly on either side of median; wing more than 14 mm in length, 
infuscated, with pigment arranged in six transverse bands; supernumerary cross-veins present in 
cells r3,r4; Legs robust, yellow with dark brown coloration at both ends of each segment; male 
terminalia: PM DME “I- shaped”; PM LME significantly reduced, evident as a conspicuous 
bump;  aedeagus trifurcate, with point of trifurcation symmetrical; phallotrema sslightly arcuate, 
flared slightly.  Terminalia with posterior margin of sternite VIII straight, emarginate medially, 
emargination with “U” shape; genital fork transversely elongated posteriorly “V”-shaped 
medially; spermatheca numbering three; corpora ovoid, unpigmented; spermathecal ducts 
annulated and uniformly sclerotized, unpigmented. 
 
 DESCRIPTION.  See also Alexander (1920).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male (Fig. 34c):  Measurements (n = 1), total length 15.10 mm; head length 1.36 mm; 
head width 1.11 mm; clypeus length 0.42mm; clypeus width 0.38 mm; palpus length 1.70mm 
(palpomere length average 0.19–0.30–0.65–0.31–0.35); wing length 16.15 mm; wing width 4.10 
mm.  Head with mandible and maxilla poorly developed; antenna with scape and pedicel 
glabrous, each with several setiform sensilla inserted distally; scape cylindrical, slightly larger 
than pedicel; pedicel spherical; flagellomeres numbering 14, all elongate, more than 3 times 
144 
 
longer than wide, cylindrical; f 1 slightly longer than f 2; f 3–12 each with 4–5 trichoid sensilla 
inserted near base of flagellomere, arranged concentrically, as long or longer than flagellomere; f 
1–12 each with several basiconic sensilla throughout; f 12 with 3 trichoid sensilla inserted 
apically. Cervical sclerites more than two times longer than wide. Wing held away from body at 
angle; infuscate, similar to M. forcipatus, with bands broater in size. Legs robust, yellow with 
dark brown coloration at both ends of each segment: Tibial spurs 0–2–2, symmetrical. Abdomen: 
segment I less than half as long as next segment; tergites dark brown with large irregular pale 
yellow markings basally on either side of medial line. Terminalia (Fig. 34c); epandrium slightly 
wider than long, rounded apically, with sparse setae alveoli apically; hypandrium not evident; 
gonocoxites broad at base, narrowing at apex, with conical appearance; gonostylus cylindrical, 
about half  as long as gonocoxite, with apex broadly rounded, directed medially, densely hirsute 
on apically 1/3; PM DB rectangular in shape with a pair of small projections anterolaterally; PM 
LME significantly reduced, evident as inconspicuous bump covered in short setae and 
microtrichia, fused morphodorsally with dorsal bridge, fused morphoventrally with PM GBL; 
PM DME “I-shaped”, articulated basally with dorsal bridge, articulated apically with lateral 
ejaculatory processes of aedeagus; PM GBL elongated dorsoventrally, fused along entire inner 
base of gonocoxite, covered in prominent setiform, elongate sensilla; ejaculatory apodeme 
extending anteriorly to abdominal segment 7 terminus, laterally compressed, clavate at base; 
aedeagus trifurcate, elongate, with branches slightly unequal in length, lateral branches arcuate; 
point of trifurcation symmetrical; phallotrema flared slightly.  Female: Measurements (n = 1), 
total length 17.20 mm; head length 1.40 mm; head width 1.15 mm; clypeus length 0.44mm; 
clypeus width 0.40mm; palpus length 1.73mm (palpomere length average 0.10–0.31–0.66–0.30–
0.36); wing length 18.00 mm; wing width 4.50 mm.   Head and wings as in male.  Terminalia 
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with posterior margin of sternite VIII straight, emarginate medially, emargination with “U” 
shape; genital fork transversely elongated posteriorly “V”-shaped medially; spermatheca 
numbering three; corpora ovoid, unpigmented; spermathecal ducts annulated and uniformly 
sclerotized, unpigmented. 
 DISTRIBUTION.  See Map 7. Mischoderus varipes (Edwards) is currently known from 
multiple localities in New Zealand. All confirmed records lie between latitudes 40°55’S and 
45°01'S. 
TYPE MATERIAL.  Holotype [m#]: Bold Peak, Lake Wakatipu, 1,097 masl, 8.i.1921, 
coll G.V. Hutson No. 114). Type specimen deposited in British Museum (BM). Holotype not 
available for this study.  
 OTHER MATERIAL EXAMINED.  See Map 7.  New Zealand.  Otago: Queenstown, 
[aprox. 45° 1'52"S 168°39'44"E], 4.i.1922, coll. G. Howes [1m#]. Marlborough: NgatiawaR 7km 
E Waikanae, 40° 55'S 175°07'E, 17.ii.2001, coll O.S. Flint, Jr [1f#]. 
 REMARKS. Original description states phallotrema straight, while available specimen 
exhibits phallotrema arcuate. Holotype examination is needed for accurate identification.
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Fig. 4. Neoderus chonos Madriz female habitus, lateral view.   
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Neoderus Alexander, 1927 
 
Neoderus Alexander, 1927: Diptera. Family Tanyderidae. Genera Insectorum, 189: 1-13. Type 
species: Tanyderus patagonicus Alexander, by original designation. 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male (based solely on N. 
chonos): Cuticle with variegated coloration, light- to dark brown; vestiture light brown; abdomen 
over twice as long as thorax length, abdominal tergites dark brown, with irregular, light brown 
coloration posteriorly on either side of median; wing more than 13 mm in length, infuscated, 
with pigment arranged in six transverse bands contiguous in some areas, wing noticeably convex 
anteriorly; supernumerary cross-veins present in cells r3 and r5; male terminalia: dark brown, 
with 180 degree of rotation involving segments VII and IX; epandrium bilobed, narrowly 
contiguous at base and tapering apically, one and a half times longer than wide, with setae 
alveoli scattered over entire surface; gonocoxites fused to hypandrium, narrowly contiguous at 
base, divergent from each other at origin, each nearly cylindrical, tapering slightly towards apex; 
gonostylus cylindrical, almost as long as gonocoxite, slightly tapering at apex, curved medially; 
PM DB sclerotized, horizontal, with a pair of projections anterolaterally; PM LME divided into 
two lobes, anterior lobe small, convex broadly interconnected with gonocoxite anteromesally,  
posterior  lobe fleshy, thornlike, curved mesally fused with PM GBL posteroventrally; PM DME 
“Y-shaped”, articulating dorsally with PM DB and ventrally with lateral ejaculatory processes of 
aedeagus; PM GBL reniform in shape, laterally compressed, with several prominent setiform 
sensilla subapically, many smaller trichoid sensilla throughout; PM VP not clearly evident; 
lateral ejaculatory processes triangular in shape; aedeagus uniformly wide, phallotrema fused; 
phallotrema apex with curved hornlike projection extending caudally; aedeagal sheath present, 
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loosely surrounding phallotrema; ejaculatory apodeme dorsoventrally compressed, clavate at 
base, with surface corrugated.  Female: Cuticle with variegated coloration, grey- to dark brown; 
vestiture light brown; abdomen less than twice as long as thorax length, abdominal tergites dark 
brown, with irregular, light grey coloration posteriorly on either side of median; head, thorax, 
legs and wings as in male; posterior margin of sternite VIII broadly bilobate, emarginated at 
median, with “square U” shape; genital fork triangular transversely, as long or slightly longer 
than wide, “V-shaped” medially, slightly constricted near terminus; spermatheca three in 
number, corpora spherical, with visible necks differentiating from ducts; ducts elongated, more 
than five times longer than corpora, annulated and hyaline.  
 
 
Neoderus chonos Madriz  
 
DIAGNOSIS. Male terminalia: lateromedial element of paramere divided into two lobes, 
anterior lobe small, convex, with over 15 setiform sensilla, posterior lobe fleshy, thornlike, 
curved mesally; dorsomedial element “Y-shaped”; aedeagal phallotrema fused into one 
phallotrema, apex with curved hornlike projection extending caudally; aedeagal sheath loosely 
surrounding phallotrema.  Female: head maxilla almost twice as long as mandible; antenna with 
14 flagellomeres; frontal suture incomplete, coronal suture not visible; spermatheca spherical, 
with visible necks; ducts uniformly sclerotized, annulated and unpigmented, less than six times 
as long as corpora; genital fork triangular transversely, slightly longer than wide. 
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 DESCRIPTION.  Male (Fig. 35 ):  Measurements (n = 1), total length 11.05 mm; head 
length 1.26 mm; head width 1.18 mm; palpus length 1.36 mm; clypeus length 0.30 mm; clypeus 
width 0.40 mm; wing length 13.00 mm; wing width 4.25 mm.  Head with mandible and maxilla 
poorly developed; antenna with scape and pedicel glabrous, each with several setiform sensilla 
inserted distally; scape cylindrical, slightly longer than wide, as long as pedicel; pedicel 
spherical; with 14 flagellomeres, all elongate, more than 3 times longer than wide, cylindrical; f 
1 and f 2 equal in proportions ; f 3 with one trichoid sensilla inserted near base of flagellomere, 
oriented dorsolaterally; f 4–13 each narrowing in width from preceding segment, with 4 trichoid 
sensilla inserted near base of flagellomere, arranged concentrically, as long or longer than 
flagellomere; f 14 with 2 trichoid sensilla inserted apically. Cervical sclerites two times longer 
than wide. Wing (Figs. 17–18) held away from body at angle in live resting individual; with 
crossveins in cell r3 and r5; infuscate, with dark brown blotch at proximal base of vein h, with 
two irregular transverse bands of pigment, diffusing caudally and distally, basal-most band 
extending from h vein to posterior wing margin and slightly beyond proximal area of anal loop, 
medial band extending from midlength of Sc vein to posterior edge of C vein at distal end of anal 
lobe, passing through r-m and m-cu; apical-most band from R1 to posterior edge of C vein 
passing through fork of R2+R3 and distal edge of d cell, costal and apical area of sub costal cells 
yellow in color. Halteres pale yellow at base, dark at apex. Legs light to dark brown, femur 
darker distally, all other leg segments darker at both ends: Tibial spurs 0–2–2, symmetrical. 
Abdomen: Abdominal segment I half as long as next segment, caudally from this segment, 
abdomen droops ventrally; tergites yellowish brown with lateral edges darker brown and a 
narrow dark brown medial stripe; sternites pale yellow with dark brown edges. Terminalia with 
180 degree of torsion involving segments VIII and IX; epandrium bilobed, narrowly contiguous 
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at base and tapering apically, one and a half times longer than wide, with setae alveoli scattered 
over entire surface; proctiger recessed anteriorly, nested within epandrium, exposed dorsally; 
cercus inconspicuous, unmodified, setose, exposed dorsally between medial emargination of 
epandrium; gonocoxites narrowly contiguous at base, divergent from each other at origin, each 
nearly cylindrical, tapering slightly toward apex; setiform sensilla or setae alveoli distributed 
over dorsal, ventral and lateral surface, absent mesally; gonostylus cylindrical, almost as long as 
gonocoxite, slightly tapering at apex, curved medially, with prominent setae alveoli evenly 
distributed over surface, small stout acutiform sensilla apically; hypandrium not evident; 
paramere subdivided into dorsal bridge, lateral medial element, dorsal medial element and 
paramere lobe at gonocoxite base; dorsal bridge horizontal, with a pair of projections 
anterolaterally; lateral medial element broadly interconnected with gonocoxite anteromesally and 
paramere lobe at gonocoxal base posteroventrally, divided into two lobes, anterior lobe small, 
convex, with over 15 setiform sensilla, posterior  lobe fleshy, thornlike, curved mesally; dorsal 
medial element “Y-shaped”, articulating terminally with dorsal bridge and lateral ejaculatory 
processes; paramere lobe at gonocoxite base laterally compressed, reniform in shape laterally, 
with several prominent setiform sensilla subapically, many smaller trichoid sensilla throughout; 
ejaculatory apodeme extended anteriorly to abdominal segment VII terminus, dorso-ventrally 
compressed, clavate at base, with surface corrugated; sperm sac balloon-like, surrounded by 
aedeagus posteriorly, attached to ejaculatory apodeme anteriorly; aedeagus uniformly wide, 
phallotrema fused; phallotrema apice with curved hornlike projection extending caudally; 
aedeagal sheath present, loosely surrounding phallotrema. Female (Figs. 4, 36):  Measurements 
(n = 4), total length 13.78 mm (13.25–13.75); head length 1.45 mm (1.25–1.57); head width 1.39 
mm (1.14–1.38); clypeus length 0.40 mm (0.37–0.42); clypeus width 0.40 mm (0.37–0.42); 
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palpus length 1.82 mm (palpomere length average 0.14–0.32–0.56–0.36–0.44); wing length 
15.82 mm (14.55–16.80); wing width 4.25 mm (4.00–4.36). Overall coloration greyish brown to 
dark brown. Head: labrum more than twice as long as clypeus; maxilla almost twice as long as 
mandible; antenna as in male, with 14 flagellomeres; frontal suture incomplete, coronal suture 
not visible. Wing as in male. Tibial spurs 1–2–2, symmetrical. Abdomen less than twice as long 
as thorax. Terminalia with spermatheca three in number; corpora spherical, with visible necks; 
spermathecal ducts annulated and uniformly sclerotized, less than six times as long as corpora, 
unpigmented; posterior margin of sternite VIII broadly bilobate, emarginated at median, 
emargination with “square U” shape; genital fork triangular transversely, slightly longer than 
wide “V-shaped” medially, slightly constricted near terminus. 
 ETYMOLOGY. Named in honor of the indigenous extinct Chonos tribe that inhabited 
the area surrounding the type locality.  
 DISTRIBUTION. See Map 8.  Neoderus chonos Madriz is currently only known from 
southern Chilean Patagonia. Confirmed records lie between latitudes 46°27’S and 46°30’S, 
ranging in altitude from 0 to 534masl. A survey of the central regions of Chile yielded no 
specimens. 
 TYPE MATERIAL.  Holotype [m#] Chile. Aysén: Hwy X-728CH/valle exploradores @ 
9km West of Lago Bayo 46°27’38.01”S 73°13’09.96”W 217masl, 2.ii.2016, R.I. Madriz & K.K. 
Lindsay, hand-picked from vertical wall; deposited Museo Nacional de Historia Natural, 
Santiago, Chile (MNNC). Paratypes: Chile. Aysén: Hwy X-728CH/valle exploradores @ 9km 
West of Lago Bayo 46°27’38.01”S 73°13’09.96”W 217masl, 2.ii.2016, R.I. Madriz & K.K. 
Lindsay, hand-picked from vertical wall [1 m#, 3 f#, EtOH]. Paratypes same information as 
holotype [3 f#] deposited USNM. 
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 OTHER MATERIAL EXAMINED.  Kairai Creek @ 17km North of Puerto Rio 
Tranquilo 46°30’11.92”S 72°44’28.33”W 534masl, 2.ii.2016, R.I. Madriz, wing only. Deposited 
in USNM. 
 OTHER MATERIAL EXAMINED. See Map 8. Kairai Creek @ 17km North of Puerto 
Rio Tranquilo 46°30’11.92”S 72°44’28.33”W 534masl, 2.ii.2016, R.I. Madriz, wing only. 
Deposited in USNM. 
COMMENTS.  In the original description, Alexander (1913) does not mention the 
presence of vein Sc-r but in his treatment of the Tanyderidae, Alexander (1927) depicts the Sc-r 
vein in his illustration, this change was overlooked by Williams (1933). Cross vein r5 is absent in 
the right wing of male. 
 
 
Neoderus patagonicus (Alexander), 1913 
 
Tanyderus patagonicus Alexander, 1913: 44: 332. 
Neoderus patagonicus (Alexander) Alexander, 1927: 189: 8. 
Neoderus patagonicus (Alexander) Alexander, 1929: 1: 229 [species checklist]. 
Neoderus patagonicus (Alexander) Alexander & Alexander, 1967: 5.2 [species checklist]. 
 
DIAGNOSIS. Male: Unknown.  Female: labrum more than twice as long as clypeus;  maxilla 
and mandible subequal in length; antenna with 15 flagellomeres; frontal suture complete, coronal 
suture extending into postoccipital region; Cuticle greyish brown to dark brown; vestiture light 
brown; abdomen less than 2 times as long as thorax; spermatheca spherical, with visible necks; 
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ducts uniformly sclerotized, annulated and unpigmented, more than five times as long as 
corpora; genital fork triangular transversely, as long as wide.  
 
 DESCRIPTION.  See also Alexander (1913).  Larvae: Unknown. Pupa: Unknown. 
Male: Unknown. Female:  Measurements (n = 1), total length 13.96 mm; head length 1.63 mm; 
head width 1.50 mm; clypeus length 0.42 mm; clypeus width 0.42 mm; palpus length 2.20 mm 
(palpomere length 0.14–0.39–0.70–0.44–0.53); wing length 17.92 mm; wing width 4.48 mm. 
Overall coloration greyish brown to dark brown. Head: maxilla almost as long as mandible; 
labrum more than twice as long as clypeus; antenna with scape and pedicel glabrous, each with 
several setiform sensilla inserted distally; scape cylindrical, slightly longer than wide, as long as 
pedicel; pedicel spherical; flagellomeres numbering 15 (based on original description), 
cylindrical; f 1 and f 2 equal in proportions ; f 3–8 each narrowing in width from preceding 
segment, with 4 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as 
long or longer than flagellomere; f 9-15 dammaged; frontal suture  complete, coronal suture 
extending into postoccipiral region; cervical sclerites two times longer than wide. Wing held 
away from body at angle; with crossveins in cell r3 and r5; infuscate, with dark brown blotch at 
proximal base of vein h, with two irregular transverse bands of pigment, diffusing caudally and 
distally, basal-most band extending from h vein to posterior wing margin and slightly beyond 
proximal area of anal loop, medial band extending from midlength of Sc vein to posterior edge 
of C vein at distal end of anal lobe, passing through r-m and m-cu; apical-most band from R1 to 
posterior edge of C vein passing through fork of R2+R3 and distal edge of d cell, costal and 
apical area of subcostal cells yellow in color. Halteres pale yellow at base, dark at apex. Tibial 
spurs 1–2–? symmetrical. Abdomen less than twice as long as thorax. Terminalia with 
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spermatheca three in number; corpora spherical, with visible necks; spermathecal ducts 
annulated and uniformly sclerotized, more than six times as long as corpora, unpigmented; 
posterior margin of sternite VIII broadly bilobate, emarginated at median, emargination with 
“square U” shape; genital fork triangular transversely, as long as wide “V-shaped” medially, 
slightly constricted near terminus. 
DISTRIBUTION. See Map 9. Neoderus patagonicus (Alexander) only record is  
50°51’55.92”S 74°23’47.96”W, 0 masl. Although Alexander (1913) mentions the type locality 
of N. patagonicus being Latitude Cove, Argentina. Given the Boundary Treaty between 
Argentina and Chile, established on 23 July 1881 (Ranson Garcia 2001), the original citation 
should have been Chile. A survey of the central regions of Chile yielded no specimens. 
 TYPE MATERIAL.  Chile. Magallanes: Holotype f#: Latitude Cove, Patagonia, 
approximately 50°51’55.92”S 74°23’47.96”W, coll. No name given, no date given; deposited 
Unites State National Museum (USNM).  
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Fig. 5. Nothoderus australiensis (Alexander) female wing.   
 
 
Nothoderus australiensis (Alexander), 1922. Only one wing was available for this study. 
 
   DISTRIBUTION.  See Map 10. Nothoderus australiensis (Alexander) is currently known 
from Tasmania. 
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Fig. 6. Peringueyomyina barnardi Alexander male habitus, lateral view.   
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Peringueyomyina Alexander, 1921 
 
Peringueyomyina Alexander, 1921: pp. 232. Type species: Peringueyomyina barnardi 
Alexander, by original designation. 
 
Peringueyomyina barnardi Alexander, 1921  
 
Peringueyomyina barnardi Alexander, 1921: 18: 232.  
Peringueyomyina barnardi Alexander; Alexander, 1927: 189: 6 [family treatment]. 
Peringueyomyina barnardi Alexander; Williams, 1933: 41: 15 [species checklist]. 
Peringueyomyina barnardi Alexander; Wood, 1952: 39: 10 [larval description]. 
Peringueyomyina barnardi Alexander; Hutson, 1980: 2: 92 [species checklist]. 
Peringueyomyina barnardi Alexander; Madriz, 2017: 2: 15 [regional treatment]. 
 
DIAGNOSIS. Egg: Unknown. Larva: Cuticle translucent, light tan in color; head yellow to 
orange in color; mandible with four prominent teeth; endocarina (glandular duct) absent; 
frontoclypeal apotome with internal frontoclypeal apotome sclerite present, arcuate in shape; 
paraclypeal setae inserted dorsally; postmentum arcuate, with eight teeth anteriorly; one pair of 
annulated filaments extending just beyond segment VIII; anal division filaments reduced in 
comparison with other genera; anal prolegs and associated apical hooks less developed than 
other tanyderids, basal row with 6-8 hooks, dorsal row with 3–5 hooks; anal papillae short and 
conical in shape, twice the length of extended prolegs. Pupa: Not available for this study. Male: 
Head with rostrum longer than head and thorax length combined; cervix short compared with 
other tanyderids; cuticle with light- to dark brown coloration; vestiture light brown, longer than 
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in other tanyderids; abdominal tergites light brown with median and posterior edge dark brown 
in coloration; wing more than 9 mm in length, hyaline, infuscated, with pigment on pterostigma 
only; supernumerary cross-veins absent; male terminalia: unrotated; as long or longer than thorax 
length; epandrium distinctly bilobed, rounded apically, set with cluster of dark peg-like setae; 
hypandrium membranous; proctiger not reduced; gonocoxites elongate, as long as thorax, with 
row of setiform sensilla inserted medially; gonostylus as long as gonocoxite, with stout setiform 
sensilla inserted medially; PM DB membranous, divided at median, narrowly fused with PM 
GBL at base; PM LME not apparent; PM DME “Y-shaped”, articulated basally with dorsal 
bridge, fused at dorsal median of sperm sac apically; lateral ejaculatory processes of aedeagus 
not apparent; PM GBL elongate, digitiform, sclerotized dorsally and apically, membranous 
ventrally; aedeagus elongate, bifurcate; phallotrema flared distinctly.  Female: Coloration, head, 
thorax, legs and wings as in male; spermatheca two in number, unpigmented, corrugated, 
strongly constricted at interface between duct and corpora; ducts slightly longer than corpora, 
smooth and unpigmented.   
 
 DESCRIPTION.  See also Alexander (1921) and Wood (1952).  Egg: Unknown. Larva 
IV instar: Measurements (n = 7), total length 24.74 mm (23.87–25.72), head width 0.84 mm 
(0.80–0.88), head length 1.01 mm (0.96–1.08). Head capsule ovate, heavily sclerotized 
anteriorly, dorsoventrally compressed, rounded posteriorly, partially retracted into prothorax; 
stemmata not apparent; primordial adult eye not well-developed; frontoclypeal apotome 
somewhat pentagonal in shape, enclosed by frontal sutures, with internal frontoclypeal apotome 
sclerite present, arcuate in shape; coronal suture visible medially on posterior 1/3 of the head; 
mesal endocarina ending medially on anterior clypeal margin; anterior clypeal margin composed 
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of a narrow transversal band and a pair of lateral conical lobes extending anteriorly at labral 
sclerite line; labrum as broad as medial endocarinal transverse band, broad, fleshy, somewhat 
dorsoventrally compressed, rounded apically; paraclypeal setae paired, inserted dorsally; labral 
sclerite with paired setiform sensilla widely separated; palatal brush with paired setiform sensilla 
inserted dorsally; antenna inserted anterolaterally; two-segmented, basal segment more than 
twice the length of distal segment; apical segment with two conspicuous sensilla basiconica 
inserted apically; mandibles well developed, symmetrical, pyramidal in shape, scoop-like, with 
four dentations apically; middle two dentations projecting beyond others; oral surface of 
mandible with well-developed prosthecal brush dorsally, adoral surface with two sensilla 
basiconica, anterior condyle well developed; galea digitiform, partly sclerotized, fused with 
anterolateral part of lacinia; lacinia elongate, covered with microtrichia adorally, bearing one seta  
anterolaterally; palpus unsegmented, cylindrical, slightly longer than wide, set with many 
sensilla basiconica apically; cardo with three setiform sensilla, separated from stipes by 
cardostipital ridge, stipes with one setiform sensilla; postmentum heavily sclerotized, arcuate 
anteriorly, with eight eight teeth; postgenal bridge complete, appearing divided when cleared; 
prementum round in ventral view, covered with small stout sensilla; labial palpi cylindrical, 
sclerotized, with six digitiform sensilla apically, five uniform in size arranged concentrically, 
center one slightly larger than the rest; glossae inconspicuous, conical; pharyngeal filter, well 
developed. Thoracic segments unequal in length; prothorax slightly longer than meso thorax, 
methathorax slightly shorter than pro- and meso-thorax combined, each bearing eight transverse, 
equally spaced unbranched setae dorsally, four unbranched setae laterally and two clusters of 
unbranched setae ventrally; prothorax bearing pair of well-developed spiracles laterally, pro- and 
mesothorax slightly differentiated by tenuous intersegmental constriction, all with inconspicuous 
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circular pad-like lobes ventrally. Abdominal segments with distinct intersegmental constrictions; 
abdominal segments I–VIII without circular lobes ventrally, with two rows of simple setae 
transversely; segment VIII with one pair of posterior spiracles, one pair of annulated filaments 
extending just beyond segment VIII; filaments with sparse simple setae posteriorly; anal division 
with one pair of annulated filaments dorsally, extending beyond anal division and one pair 
prolegs ventrally; prolegs short, each with elongate, annulated filament inserted dorsoapically 
extending just beyond anal division, prolegs with two rows of small hooks apically, basal row 
with 6-8 hooks, dorsal row with 3–5 hooks; anal papillae short and conical in shape, twice the 
length of extended prolegs. Pupa: Not available for this study. See Wood 1952. Male (Figs. 6, 
37):  Measurements (n = 3), total length 9.28 mm (9.25–9.32); head length 0.61 mm (0.60–0.62); 
head width 0.68 mm (0.68–0.70); palpus length incomplete (palpomere length 0.05–0.11–?–?–?) 
clypeus length 3.27 mm (3.25–3.28), width 0.10 mm; wing length 9.75 mm (9.50–10.00), width 
2.60 mm (2.50–2.70); genitalia total length 1.82 mm (1.80–1.84); gonocoxite length 1.67 mm 
(1.66–1.68); gonostylus length 1.64 mm (1.63–1.65).  Head with rostrum longer than rest of head 
and thorax length combined; mandible and maxilla poorly developed; antenna with scape and 
pedicel glabrous, each with several setiform sensilla inserted distally; scape cylindrical, of 
subequal length to pedicel; pedicel spherical; flagellomeres numbering 16, f 1–15 elongate and 
cylindrical, more than 3 times longer than wide, with flagellomeres increasingly narrowing 
towards apex; f 1 slightly longer than other flagellomeres; f 3–15 each with 4–5 trichoid sensilla 
inserted near base of flagellomere, arranged concentrically, as long or longer than flagellomere; f 
1–15 each with several basiconic sensilla throughout; f 16 ovoid in shape, with 3 trichoid sensilla 
inserted apically. Cervical sclerites short in comparison with other tanyderids, more than two 
times longer than wide. Cuticle with light- to dark brown coloration; vestiture light brown, 
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longer than in other tanyderids. Wing (Figs. 21–22) held away from body at angle; hyaline, 
infuscated, with pigment on pterostigma only; supernumerary crossveins absent. Halteres pale 
yellow at base, dark at apex. Legs uniformly light brown. Tibial spurs 1–2–2, symmetrical. 
Abdomen: tergite I slightly smaller than sternite I, segment I about 1/3 as long as next segment, 
causing abdomen to droop ventrally; tergites light brown with median and posterior edge dark 
brown in coloration. Terminalia (Fig. 37) unrotated; as long as or longer than thorax length; 
epandrium distinctly bilobed, rounded apically, set with cluster of dark peg-like setae; 
hypandrium membranous; proctiger not reduced; cercus inconspicuous, unmodified, setose; 
gonocoxites elongate, as long as thorax, with row of setiform sensilla inserted medially; 
gonostylus as long as gonocoxite, with stout setiform sensilla inserted medially; PM DB 
membranous, divided at median, narrowly fused with PM GBL at base; PM LME not apparent; 
PM DME “Y-shaped”, articulated basally with dorsal bridge, fused at dorsal median of sperm 
sac apically; lateral ejaculatory processes of aedeagus not apparent; PM GBL elongate, 
digitiform, sclerotized dorsally and apically, membranous ventrally, set with  prominent setae 
and numerous small setae; ejaculatory apodeme elongate, extending anteriorly to abdominal 
segment VII terminus, laterally compressed, clavate at base; sperm sac balloon-like, surrounded 
by aedeagus posteriorly, attached to ejaculatory apodeme anteriorly; aedeagus elongate, 
difurcate; phallotrema flared distinctly, placed between cerci when at rest; genital tract missing. 
Female (Fig. 38):  Measurements (n = 3), total length 10.29 mm (10.12–10.46); head length 0.57 
mm (0.57–0.58); head width 0.79 mm (0.79–0.80); clypeus length 3.76 (3.75–3.78), width 0.12 
(0.11–0.13); palpus length 0.68 mm (palpomere length 0.05–0.11–0.14–0.14–0.24); wing length 
10.93 mm (10.88–11.01), width 2.68 mm (2.50–2.80).   Head as in male. Wing slightly larger 
than in male; abdomen tapering from base to apex; Terminalia with posterior margin of sternite 
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VIII straight, slightly concaved medially; hypogynial valve triangular, strongly emarginated 
medially, emargination with “V” shape; genital fork membranous, indistinguishable; 
spermatheca two in number, unpigmented, corrugated, strongly constricted at interface between 
duct and corpora; ducts slightly longer than corpora, smooth and unpigmented.   
 DISTRIBUTION.  See Map 11. Peringueyomyina barnardi Alexander is currently 
known from multiple localities in South Africa. All confirmed records lie between latitudes 
33°59’S and 34°18’S, and range in altitude from 39 to 469masl.  
TYPE MATERIAL.  South Africa. Holotype m#; South Africa: Oudebosch, Caledon, 
1500ft., [approx. 33°19'7.13"S 18°57'52.3"E], i.1919, coll. K.H Barnard; the specimen is 
deposited in the Iziko Museum of South Africa (IMSA).  
 MATERIAL EXAMINED.  See Map11.  South Africa: Oudebosch, Caledon, 1500ft. 
[approx. 33°19'7.13"S 18°57'52.3"E], i.1919, coll. K.H Barnard, [1m#]; Hott- Holl Mts., 
3000f., Caledon C.C., iv.1919, coll. Barnard [1f#] Paratype; Cape. Franschhoek, 3319CC, Jan 
Joubertsgat Riv., no date given, coll. J. Lond & B. Stuckenberg, open veg + riverbanks [1m#, 
2f#]; Swellendam, Hermitage Kloof [approx. 33°59'38.27"S 20°25'21.27"E], xii.1937, coll. 
H.G.Wood [7L].  
REMARKS. The only larval tanyderid known possessing internal frontoclypeal apotome 
sclerite. Previous descriptions of the species described the eyes as broadly contiguous on the 
underside of the head capsule (Alexander, 1921 & 1927). Although all observed museum 
specimens exhibit this condition, the structure widens significantly when re-hydrated. This 
artifact is most likely due to the air drying process.    
The following are the measurement remarks of all six specimens of both sexes examined: 
only one female specimen had all palpomeres intact; one male possessed legs.  
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Fig. 7. Protoplasa yankovskyi (Alexander) female habitus, lateral view   
164 
 
Protoplasa Osten Sacken, 1859 
 
Protoplasa Osten Sacken, 1859: pp. 251. Type species: Protoplasa fitchii Osten Sacken, by 
original designation. 
 
DIAGNOSIS. Egg: Unknown. Larva: cuticle translucent, varying from light grey to tan in color; 
head orange to brown in color; mandible with three prominent teeth; postmentum teeth; 
hypostomal bridge incomplete. Male: Cuticle with coloration light- to dark brown; vestiture light 
brown; cervix short compared to other tanyderids; abdominal segments as long as wide, with  
tergite I half as long as next only, tergites uniformly colored; wings varying in length from 6.40 
to 16.00 mm in length, infuscated, with pigment arranged in transverse bands; cental area of 
wing shorter than other genera, with crossvein sc-r closer to crossvein r-m than to base of vein 
R2; supernumerary crossveins in radial sector absent; cell m3 with cross supernumerary cross 
vein in eastern Nearctic species; legs narrower in proportion to other tanyderids providing a frail 
appearance; male terminalia: with varying degree of rotation, involving segments 7–9; 
epandrium with posterolateral lobes somewhat conical in shape, prominent in some species, 
posterior margin straight, truncate or concave, never emarginated or cleft; hypandrium fused 
broadly with gonocoxites; gonocoxites shorter in comparison with other genera, broad at base, 
somewhat conical in shape; gonostily bifurcate, with main ventral branch bearing setae apically, 
other branch smaller in length, broad at base, directed dorsally, bearing small setae; PM DB 
fused with PM DME at base, “Y”-shape, fused with lateral ejaculatory processes apically; PM 
LME heavily sclerotized, oriented diagonally from base of gonocoxite towards aedeagus, 
varying in shape but usually with a claw-like process beak-shape or spiniform, simple to trifid; 
PM GBL dorsoventrally compressed in most species, absent in some species, bearing two 
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prominent seta and many smaller setae; aedeagus trifurcate, with point of trifurcation 
asymmetrical in dorsal view in some specimens; PM VP reduced, present as small transverse 
band at base of aedeagus, connected laterally with apex of PM DME; aedeagus reduced in length 
compared to other genera, with median phallotrema reduced in some species, phallotrema flared. 
Female: coloration, head, thorax, legs and wings as in male; ceerci wider than long; hypoginial 
valve and genital fork not extended laterally, spermatheca strongly sclerotized, globular in shape.  
 
 
Protoplasa alexanderi (Kariya), 1935   
 
Protanyderus alexanderi Kariya, 1935: 8: 40.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Unknown. Female: 
Cuticle light brown; vestiture light brown; abdominal tergites light brown; antenna with 15 
flagellomeres; pedicel with two concentric rows of setiform sensilla inserted medially; wing 
more than 8 mm in length, with five confluent transverse bands of pigment; terminalia with 
posterior margin of sternite VIII straight, with thorn-like projection medially; genital fork with 
lateral arms narrow, rectangular un shape, more than two times longer than wide, strongly 
sclerotized medially with “Y”-shape; spermatheca spherical, with no visible necks differentiating 
from ducts.  
 
 DESCRIPTION.  See also Kariya (1935).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Unknown.  Female (Fig. 39):  Measurements (n = 2), total length 10.28 mm; 
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head length 1.00 mm; head width 1.00 mm; clypeus length 0.26 mm; clypeus width 0.22 mm; 
palpus length 1.35 mm (palpomere length 0.09–0.35–0.31–0.23–0.37); wing length 8.75 mm 
(8.15–9.26); wing width 2.88 mm. Antenna, with scape and pedicel glabrous; scape almost twice 
as long as pedicel; pedicel spherical, with two concentric rows of setiform sensilla inserted 
medially; flagellomeres numbering 15, f1–14 elongate and cylindrical, each more than two times 
longer than wide, with flagellomeres increasingly narrowing towards apex; f 1 slightly longer 
than other flagellomeres; f 3–14 each with 4–5 trichoid sensilla inserted near base of 
flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–15 each with 
several basiconic sensilla throughout; f 15 ovoid in shape, with 4 trichoid sensilla inserted 
apically. Cervical sclerites more than two times longer than wide. Wing with six transverse 
bands of pigment, third and fourth bands merged, giving the appearance of five bands only; 
basal-most band extending from h vein to posterior wing margin and slightly beyond proximal 
area of anal loop; second band extending from midlength of Sc vein to posterior edge of C vein 
at distal end of anal lobe, passing through base of Rs, third band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort 
band present as a blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, 
merging with third band on cell r1; fifth band band touching C vein on both sides of wing, 
appearing as a transverse band; apical most band uninterrupted, touching C vein at apices of R1–
R5, with a separate blotch at M1. Halteres pale yellow at base, dark at apex. Legs pale yellow; 
femur light brown coloration proximally and distally; femur with light brown distally; tibial 
spurs light brown 1–?–2, symmetrical. Abdomen: tergites uniformly light brown; tergite I less 
than half as long as next; sternite I equal in length as next segment. Terminalia with cerci ovate, 
bearing three small undifferentiated lobes caudally; posterior margin of sternite VIII emarginated 
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medially; hypogynial valve longer than wide; genital fork with lateral arms narrow, rectangular 
in shape, more than two times longer than wide, strongly sclerotized medially with “Y”-shape; 
spermatheca numbering three; Spermathecal capsules differentiated from ducts, cylindrical, 
rounded terminally; spermatheca three in number, corpora spherical, with no visible necks 
differentiating from ducts; ducts elongated, more than five times longer than corpora, annulated 
and hyaline. 
 DISTRIBUTION. See Map 12. Protoplasa alexanderi (Kariya) is currently known from 
a few localities in Japan.  
TYPE MATERIAL.  Japan Shimajima-Dani , Japan Alps, 18.ix.1934, 900 masl, 
Deposited in Shojiro Kariya personal collection. Type specimen not available for current study. 
 OTHER MATERIAL EXAMINED.  See Map12. Japan: Ontake, Akigami, 4.x.1960, 
coll. Mishima [1f#]; Ontake, Hida, 4.ix.1960, coll. Mishimak [1F#].  
  
 
Protoplasa beckeri (Riedel), 1920  
 
Protanyderus beckeri Riedel, 1920: 43: 365.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: in poor condition. 
Female: terminalia with posterior margin of sternite VIII concave, with thorn-like projection 
medially; genital fork with lateral arms narrow and elongate,  more than six times longer than 
wide, strongly sclerotized medially with “Y”-shape; spermatheca spherical, with visible necks, 
cone-like.  
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 DESCRIPTION.  See also Alexander 1959. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n = 1), total length 5.50 mm; head length 1.00 mm ; head width 
0.68 mm; clypeus length 0.18 mm; clypeus width 0.18 mm; wing length 6.20 mm. Antenna 
missing. Halteres pale yellow at base, light brown at apex. Legs pale yellow; with light brown 
tinge in all joints; tibial spurs light brown 1–2–2, symmetrical. Abdomen: tergites uniformly gray 
tergite I less than half as long as next; sternite I equal in length as next segment. Terminalia: 
epandrium emarginated, posterolateral lobes well developed, round in shape, set with fine setae; 
hypandrium membranous; gonocoxites emarginated medially, each with broad at base, conical in 
shape, narrowing apically; gonostylus slightly longer than gonocoxite, forking angle with “U” 
shape, with dorsal branch broad, slightly wider than its base, tapering apically, apice directed 
medially, ventral branch more than three times longer than dorsal branch, with stout setiform 
sensilla inserted apically; PM DME short, longer than wide; PM LME broad and simple, 
triangular in shape, with apice directed ventrally; PM GBL laterally compressed, as long as wide, 
set with  prominent setae and numerous small setae; lateral ejaculatory processes of aedeagus not 
apparent, fused with PM DME; ejaculatory apodeme elongate, extending anteriorly to abdominal 
segment VII terminus, laterally compressed, without strong curvature medially, clavate at base; 
phallotrema short, trifid, equal in length, trifurcation at base, central ramus wider and slightly 
more flared than lateral rami; genital tract missing.   
 DISTRIBUTION. See Map 21. Protoplasa beckeri (Riedel) is currently known from 
Kyrgyzstan.  
TYPE MATERIAL.  See Map 13. Kyrgyzstan: Kyrgyzstan, Tajikistan, Uzbekistan osch- 
fergana(fergana valley). The holotype was not available for this study.  
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 OTHER MATERIAL EXAMINED.  India: Assam- NEFA Kalaktang Kameng, 
1219 masl, 10.x.1961, coll. Schmid [1m#]. 
 
 
Protoplasa esakii (Alexander), 1932   
 
Protanyderus esakii Alexander, 1932: 13: 276.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: tibial spurs 1–1–0; 
terminalia with epandrium deeply envaginated, posterolateral lobes reduced, conical in shape, 
gonostylus slightly longer than gonocoxite, forking angle with “C” shape, with dorsal branch 
conical in shape, apice directed medially, ventral branch more than three times longer than dorsal 
branch, with stout setiform sensilla inserted apically; PM DME short, almost as long as wide; 
PM LME simple, needle-like, directed ventrally; PM GBL laterally compressed, as long as wide. 
Female: terminalia with posterior margin of sternite VIII concave, with thorn-like projection 
medially; genital fork with lateral arms narrow and elongate,  more than six times longer than 
wide, strongly sclerotized medially with “Y”-shape; spermatheca spherical, with visible necks, 
cone-like.  
 
 DESCRIPTION.  See also Alexander 1932. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n=3) , total length 4.98 mm (4.93–5.10); head length 0.55 mm 
(0.52–0.58); head width 0.41 mm (0.40–0.43); clypeus length 0.15 mm (0.14–0.19); clypeus 
width 0.13 mm (0.11–0.15); palpus length 0.79 mm (palpomere length 0.05–0.16–0.22–0.16–
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0.20); wing length 6.00 mm (5.86–6.60); wing width 1.90 mm (1.80–2.04). Antenna, with scape 
and pedicel glabrous; pedicel almost twice as long as scape; pedicel spherical, with two 
concentric rows of setiform sensilla inserted medially; flagellomeres numbering 15, f1–14 
elongate and cylindrical, each more than two times longer than wide, with flagellomeres 
increasingly narrowing towards apex; f1 slightly longer than other flagellomeres; f3–14 each 
with 4–5 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as long or 
longer than flagellomere; f 1–15 each with several basiconic sensilla throughout; f15 ovoid in 
shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more than two times longer 
than wide. Wing with six continuous transverse bands of pigment, third and fourth bands 
merged, giving the appearance of five bands only; basal-most band extending from h vein to 
posterior wing margin and slightly beyond proximal area of anal loop; second band extending 
from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through 
base of Rs; third band extending from midlength of Sc vein to posterior edge of C vein at distal 
end of anal lobe, passing through r-m and m-cu; fort band present as a blotch in cell sc touching 
c and r1 at level of vein Sc terminus and Sc-r, merging with third band on cell c, sc and r2; fifth 
band band touching C vein on both sides of wing, appearing as a transverse band, interrupted in 
cell r4; apical most band interrupted, with large blotch appearance, touching C vein at apices of 
R1–R5, with a separate smaller blotch at vein M1, not connecting with third and fourth bands. 
Halteres pale yellow at base, dark at apex. Legs pale yellow; with light brown coloration in all 
joints; tibial spurs light brown 1–1–0, symmetrical. Abdomen: tergites uniformly pale brown; 
tergite I less than half as long as next; sternite I equal in length as next segment. Terminalia: with 
various degrees of rotation; epandrium deeply emarginated, posterolateral lobes reduced, conical 
in shape, set with fine setae; hypandrium membranous; gonocoxites broad at base, cylindrical, 
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narrowing apically; gonostylus slightly longer than gonocoxite, forking angle with “C” shape, 
with dorsal branch conical in shape, apice directed medially, ventral branch more than three 
times longer than dorsal branch, with stout setiform sensilla inserted apically; PM DME short, 
almost as long as wide; PM LME simple, needle-like; lateral ejaculatory processes of aedeagus 
not apparent, fused with PM DME; PM GBL laterally compressed, slightly longer than wide, set 
with  prominent setae and numerous small setae; ejaculatory apodeme elongate, extending 
anteriorly to abdominal segment VII terminus, laterally compressed, without strong curvature 
medially, clavate at base; phallotrema trifid, lateral rami equal in length, flared apically, medial 
ramus less than half as long as lateral rami, not flared apically; genital tract missing. Female:  
Measurements (n = 6), total length 5.00 mm (4.90–5.25); head length 0.55 mm (0.52–0.58); head 
width 0.41 mm (0.39–0.48); clypeus length 0.15 mm (0.14–0.19); clypeus width 0.13 mm (0.11–
0.15); palpus length 0.79 mm (palpomere length 0.05–0.16–0.22–0.16–0.20); wing length 6.00 
mm (5.86–6.60); wing width 1.90 mm (1.80–2.04). Head and body as in male. Terminalia with 
posterior margin of sternite VIII concave, with thorn-like projection medially; genital fork with 
lateral arms narrow and elongate,  more than six times longer than wide, strongly sclerotized 
medially with “Y”-shape; spermatheca spherical, with visible necks, cone-like; ducts more two 
times longer than corpora, annulated and hyaline. 
 DISTRIBUTION. See Map 14. Protoplasa esakii (Alexander) is currently known from 
Japan.  
TYPE MATERIAL.  See Map 14. Japan: Sobosan, Bungo, 400masl. Deposited in 
Entomological Laboratory if the Kyushu Imperial University, Fukuka. The holotype was not 
available for this study.  
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 OTHER MATERIAL EXAMINED.  See Map 14. Japan: Manchuria, great khingan, 
Dilantin 1.viii.1938, coll. Weyman; Yakushiga- Ken, 7.x.1953, coll. T. Kuwayama [1m#, 6f#]. 
 REMARKS. Only three males are available for this study. All their genitalia has been 
clipped and are poorly slide mounted. Furthermore, pinned specimen sex discrimination is 
challenging given poorly label specimens. Thus, male measurements may differ from those 
presented here. 
 
 
Protoplasa fitchii Osten Sacken, 1859 
 
 
DIAGNOSIS: See also Osten Sacken 1859. Based on overall characters from all studied 
locations. Larva: see also Alexander 1930 & Podeniene & Gelhaus 2013. Cuticle translucent, 
varying from light grey to tan in color; head orange to brown in color; mandible with three 
prominent teeth; postmentum teeth; hypostomal bridge incomplete. Male & Female overall 
appearance: Antenna, with scape and pedicel glabrous; scape almost twice as long as pedicel; 
pedicel spherical, with two concentric rows of setiform sensilla inserted medially; flagellomeres 
numbering 15, f1–14 elongate and cylindrical, each more than two times longer than wide, with 
flagellomeres increasingly narrowing towards apex; f1 slightly longer than other flagellomeres; 
f3–14 each with 4–5 trichoid sensilla inserted near base of flagellomere, arranged concentrically, 
as long or longer than flagellomere; f 1–15 each with several basiconic sensilla throughout; f15 
ovoid in shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more than two times 
longer than wide. Wing with six continuous transverse bands of pigment, with coloration fading 
173 
 
around where veins branch giving a ring appearance, third and fourth bands merged, giving the 
appearance of five bands only; basal-most band extending from h vein to posterior wing margin 
and slightly beyond proximal area of anal loop; second band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through base of Rs and 
supernumerary cross vein in cell bm; third band extending from midlength of Sc vein to posterior 
edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort band present as a 
blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, merging with third band 
on cell c, sc and r2; fifth band band touching C vein on both sides of wing, appearing as a 
transverse band; apical most band uninterrupted, touching C vein at apices of R1–R5, with a 
separate blotch at M1, connecting with third and fourth bands on cells r4 and r5. Halteres pale 
yellow at base, dark at apex. Legs pale yellow; femur light brown coloration proximally and 
distally; femur with light brown basally; tibial spurs light brown 1–2–2, symmetrical. Abdomen: 
tergites uniformly dark brown; tergite I less than half as long as next; sternite I equal in length as 
next segment. 
TYPE MATERIAL. New York, no date provided in original description, coll. A. Fitch.  
Not available for this study. Deposited in MCZ (Museum of Comparative Zoology, Harvard 
University). 
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Protoplasa fitchii sp1    
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle light brown; 
vestiture light brown; abdominal tergites dark brown; antenna with 15 flagellomeres; pedicel 
with two concentric rows of setiform sensilla inserted medially; wing more than 8 mm in length, 
with confluent transverse bands of pigment exhibiting ring like patterns at vein crossings; 
terminalia with epandrium bearing posterolateral lobes clearly evident, conical in shape, 
gonostylus slightly longer than gonocoxite, forking angle with “V” shape, with dorsal branch 
conical in shape, ventral branch more than three times longer than dorsal branch, with stout 
setiform sensilla inserted apically; PM DME short, almost as long as wide; PM LME bifid, 
hatchet-like, with dorsal small conical process and larger, more round process; PM GBL 
dorsoventrally compressed, slightly longer than wide. Female: as in male; terminalia with 
hypogynial slightly longer than wide; genital fork with lateral arms ovate in shape, strongly 
sclerotized medially with “T”-shape; spermatheca spherical, with no visible necks differentiating 
from ducts.  
 
 DESCRIPTION.  Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male (Fig 40): 
Measurements (n=13) , total length 7.13 mm (7.10–1.75); head length 0.97 mm (0.96–0.98); 
head width 0.58 mm; clypeus length 0.35 mm; clypeus width 0.22 mm; palpus length 1.04 mm 
(palpomere length 0.09–0.22–0.31–0.20–0.22); wing length 8.51 mm (8.50–8.52); wing width 
2.82 mm (2.80–2.85). Antenna, with scape and pedicel glabrous; scape almost twice as long as 
pedicel; pedicel spherical, with two concentric rows of setiform sensilla inserted medially; 
flagellomeres numbering 15, f1–14 elongate and cylindrical, each more than two times longer 
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than wide, with flagellomeres increasingly narrowing towards apex; f1 slightly longer than other 
flagellomeres; f3–14 each with 4–5 trichoid sensilla inserted near base of flagellomere, arranged 
concentrically, as long or longer than flagellomere; f 1–15 each with several basiconic sensilla 
throughout; f15 ovoid in shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more 
than two times longer than wide. Wing with six continuous transverse bands of pigment, with 
coloration fading around where veins branch giving a ring appearance, third and fourth bands 
merged, giving the appearance of five bands only; basal-most band extending from h vein to 
posterior wing margin and slightly beyond proximal area of anal loop; second band extending 
from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through 
base of Rs; third band extending from midlength of Sc vein to posterior edge of C vein at distal 
end of anal lobe, passing through r-m and m-cu; fort band present as a blotch in cell sc touching 
c and r1 at level of vein Sc terminus and Sc-r, merging with third band on cell c, sc and r2; fifth 
band band touching C vein on both sides of wing, appearing as a transverse band; apical most 
band uninterrupted, touching C vein at apices of R1–R5, with a separate blotch at M1, connecting 
with third and fourth bands on cells r4 and r5. Halteres pale yellow at base, dark at apex. Legs 
pale yellow; femur light brown coloration proximally and distally; femur with light brown 
basally; tibial spurs light brown 1–?–2, symmetrical. Abdomen: tergites uniformly dark brown; 
tergite I less than half as long as next; sternite I equal in length as next segment. Terminalia: with 
various degrees of rotation; epandrium with posterolateral lobes clearly evident, conical in shape, 
set with fine setae; hypandrium membranous; gonocoxites broad at base somewhat conical in 
shape; gonostylus  slightly longer than gonocoxite, forking angle of rami with “V” shape, with 
dorsal branch conical in shape, ventral branch more than three times longer than dorsal branch, 
with stout setiform sensilla inserted apically; PM DB significantly fused with PM DME; PM 
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DME short, almost as long as wide; PM LME bifid, hatchet-like, with dorsal small conical 
process and larger, more round process; lateral ejaculatory processes of aedeagus not apparent, 
fused with PM DME; PM GBL dorsoventrally compressed, slightly longer than wode, set with  
prominent setae and numerous small setae; ejaculatory apodeme elongate, extending anteriorly to 
abdominal segment VII terminus, laterally compressed, with slight curvature medially, clavate at 
base; phallotrema with all rami equal in length, shorter than length of PM LME,  flared 
distinctly; genital tract missing. 
 Female:  Measurements (n = 1), total length 7.22 mm; head length 1.00 mm; head width 
1.00 mm; clypeus length 0.26 mm; clypeus width 0.22 mm; palpus length 1.35 mm (palpomere 
length 0.11–0.37–0.31–0.23–0.39); wing length 8.20 mm; wing width 2.90 mm. Head and body 
as in male. Terminalia with posterior cerci quadrate, with large undifferentiated lobe apically; 
margin of sternite VIII emarginated medially; hypogynial valve slightly longer than wide; genital 
fork with lateral arms ovate in shape, strongly sclerotized medially with “T”-shape; spermatheca 
numbering three; spermathecal capsules differentiated from ducts; corpora spherical, with no 
visible necks differentiating from ducts; ducts more two times longer than corpora, annulated and 
hyaline. 
 DISTRIBUTION. See Map 15. Protoplasa fitchii sp1 is currently known only from 
Maine.  
TYPE MATERIAL.  See Map 15. USA: Maine, Frankling Co.  Kingfield, [approx. 
44°57'33.20"N, 70° 9'14.24"W] 20.vi.1947, coll. A.E.Browner [13M#, 1F#]. Deposited in 
USNM. 
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OTHER MATERIAL EXAMINED.  See Map 15. USA: Maine, Frankling Co.  
Kingfield, [approx. 44°57'33.20"N, 70° 9'14.24"W] 20.vi.1947, coll. A.E.Browner [13M#, 1F#]. 
Deposited in USNM. 
 
 
Protoplasa fitchii sp2    
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: head and body as 
Protoplasa fitchii sp1.; terminalia with epandrium with posterolateral lobes not clearly 
pronounced, gonostylus slightly longer than gonocoxite, forking angle with “V” shape, with 
ventral branch with pronounced bend at midlength; PM LME bifid, broad apically, hatchet-like, 
with dorsal small conical process and larger, more round process curved downward, with two 
dentations ventrally; ejaculatory apodeme straight;  Female: terminalia with cerci wider than 
long, ovate in shape, with posterior area pointing downward, hypogynial valve conical in shape, 
slightly longer than wide; genital fork not strongly sclerotized, “Y”-shaped.  
 
 DESCRIPTION.  Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male (Fig. 41): 
Measurements (n=2) , total length 6.90 mm; head length 0.85 mm (0.84–0.86); head width 0.44 
mm; clypeus length 0.35 mm; clypeus width 0.22 mm; palpus length 1.04 mm (palpomere length 
0.07–0.18–0.26–0.18–0.22); wing length 8.05 mm (8.00–8.10); wing width 2.10 mm (2.07–
2.14). Head and body as Protoplasa fitchii sp1. Terminalia: rotated 180 degrees; epandrium with 
posterolateral lobes not clearly pronounced, conical in shape, set with fine setae; hypandrium 
membranous; gonocoxites broad at base conical in shape; gonostylus slightly longer than 
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gonocoxite, forking “V” shape, with dorsal branch conical in shape, almost twice as long as 
wide, ventral branch more than three times longer than dorsal branch, with pronounced bend at 
midlength, with stout setiform sensilla inserted apically; PM DB significantly fused with PM 
DME; PM DME short, almost as long as wide; PM LME bifid, broad apically, hatchet-like, with 
dorsal small conical process and larger, more round process curved downward, with two 
dentations ventrally; lateral ejaculatory processes of aedeagus not apparent, fused with PM 
DME; PM GBL dorsoventrally compressed, slightly longer than wide, set with  prominent setae 
and numerous small setae; ejaculatory apodeme elongate, extending anteriorly to abdominal 
segment VII terminus, laterally compressed, straight, clavate at base; phallotrema with all rami 
equal in length, shorter than length of PM LME, flared distinctly, lateral phallotrema slightly 
curved outward; genital tract missing. 
 Female:  Measurements (n = 2), total length 5.80 mm; head length 0.88 mm; head width 
0.61 mm; clypeus length 0.26 mm; clypeus width 0.22 mm; palpus length 1.35 mm (palpomere 
length 0.11–0.37–0.31–0.23–0.39); wing length 8.80 mm; wing width 2.50 mm. Head and body 
as in male. Terminalia with posterior cerci wider than long, ovate in shape, with posterior area 
pointing downward; margin of sternite VIII emarginated medially; hypogynial valve conical in 
shape, slightly longer than wide; genital fork not strongly sclerotized, with lateral arms longer 
than wide,  sclerotized medially with “Y”-shape; spermathecal capsules differentiated from 
ducts; corpora spherical, with no visible necks differentiating from ducts; ducts more two times 
longer than corpora, annulated and hyaline. 
 DISTRIBUTION. See Map 16. Protoplasa fitchii sp 2 is currently known only from 
florida.  
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TYPE MATERIAL.  See Map 41. Holotype [m#] MUSA: Florida, Liberty Co. [aprox. 
30°23'26.10"N 84°49'56.82"W], 18.iv.1936, coll. R.E. Bellamy [M]. Specimen deposited in 
UMMZ. Paratypes same information as holotype [1 m#], deposited in UMMZ; [1f#] deposited in 
CNC. 
OTHER MATERIAL EXAMINED.  See Map 16. USA: Florida, Gadsen Co. [approx. 
44°57'33.20"N, 70° 9'14.24"W] 17.iii.1939, coll. J.S. Rogers [1m#, 1f#]. Deposited in USNM. 
 
 
Protoplasa fitchii sp3    
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: clypeus as wide as 
long, rest of head and body as Protoplasa fitchii sp 1.; terminalia with epandrium possessing 
posterolateral lobes pronounced, gonostylus slightly longer than gonocoxite, forking angle with 
“U” shape, with dorsal branch as long as wide, ventral branch with smooth curvature; PM LME 
fist-like, slightly notched distally; ejaculatory apodeme not reaching abdominal degment VII 
terminus;  Female: with last two palpomeres equal in length, terminalia with cerci wider than 
long, ovate in shape, with posterior area pointing downward, hypogynial valve digitiform, longet 
than wide; genital fork strongly sclerotized, “Y”-shaped.  
 
 DESCRIPTION.  Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male (Fig 42): 
Measurements (n=1) , total length 7.00 mm; head length 0.75 mm; head width 0.50 mm; clypeus 
length 0.25 mm; clypeus width 0.25 mm; palpus length 1.04 mm (palpomere length 0.07–0.20–
0.24–0.16–0.18); wing length 8.00 mm; wing width 2.30 mm. Head and body as Protoplasa 
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fitchii sp 1. Terminalia: rotated 180 degrees; epandrium with posterolateral lobes pronounced, 
conical in shape, set with fine setae; hypandrium membranous; gonocoxites broad at base, 
tapering apically, conical in shape; gonostylus slightly longer than gonocoxite, forking “U” 
shape, with dorsal branch conical in shape, as long as wide, ventral branchtwo times longer than 
dorsal branch, with a smooth curvature and stout setiform sensilla inserted apically; PM DB 
significantly fused with PM DME; PM DME short, as long as wide; PM LME fist-like, slightly 
notched distally; lateral ejaculatory processes of aedeagus not apparent, fused with PM DME; 
PM GBL dorsoventrally compressed, slightly longer than wide, set with  prominent setae and 
numerous small setae; ejaculatory apodeme elongate, not reaching abdominal segment VII 
terminus, laterally compressed, slightly , clavate at base; phallotrema with all rami equal in 
length, shorter than length of PM LME, flared distinctly, lateral phallotrema slightly curved 
outward; genital tract missing. 
 Female:  Measurements (n = 4), total length 5.90 mm (5.85–5.95); head length 0.80 mm 
(0.78–0,83); head width 0.53 mm (0.51–0.55); clypeus length 0.25 mm; clypeus width 0.30 mm; 
palpus length 1.04 mm (palpomere length 0.11–0.25–0.28–0.20–0.20); wing length 8.80 mm 
(8.85–8.92) wing width 2.50 mm (2.48–2.53). Head and body as in male. Terminalia with 
posterior cerci wider than long, ovate in shape, with posterior area pointing downward; margin of 
sternite VIII emarginated medially; hypogynial valve digitiform, longer than wide; genital fork 
not strongly sclerotized, with lateral arms wide, oar-like, sclerotized medially with “Y”-shape; 
spermathecal capsules differentiated from ducts; corpora spherical, with no visible necks 
differentiating from ducts; ducts more two times longer than corpora, annulated and hyaline. 
 DISTRIBUTION. See Map 17. Protoplasa fitchii sp 3 is currently known from multiple 
localities in Georgia.  
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TYPE MATERIAL.  See Map 17. Holotype [m#] USNM: Georgia, Gordon Co., Fair 
Mount [approx. 34°26'8.80"N 84°41'58.70"W], 6.iv.1939, coll. P.W. Fattig. Deposited in 
USNM. 
 OTHER MATERIAL EXAMINED.  See Map 42. USA: Georgia, Bibb Co. [approx. 
32°49'6.31"N 83°39'9.86"W], 4.vi.1923, coll. J.S. Rogers [1f#] in UMMZ ;Gadsen Co. [approx. 
44°57'33.20"N, 70° 9'14.24"W] 17.iii.1939, coll. J.S. Rogers [1m#, 1f#]; Dekalb Co., 
Panthersville [approx. 33°42'15.49"N 84°15'53.90"W], 27.iii.1945, coll. P.W. Fattig [1f#]in 
USNM; Crawford Co. Roberta, [approx. 32°43'30.46"N 84° 0'5.24"W], 18.iii.1945, coll. P.W. 
Fattig, [1f#] in USNM; Clarke, Co. Big Crk @ Old Lexington road [approx. 33°53'57.55" 
83°16'13.04"W], 29.iv.1973, coll. G.K. Pratt [1f#], in USNM. 
 
Protoplasa margarita (Alexander), 1948   
 
Protanyderus margarita Alexander, 1948: 39: 13.  
 
DIAGNOSIS. Egg: Unknown. Larva: see Knight 1964. Pupa: Unknown. Male: tibial spurs 1–1–
0; terminalia with epandrium deeply envaginated, posterolateral lobes reduced, conical in shape, 
gonostylus slightly longer than gonocoxite, forking angle with “C” shape, with dorsal branch 
conical in shape, apice directed medially, ventral branch more than three times longer than dorsal 
branch, with stout setiform sensilla inserted apically; PM DME short, almost as long as wide; 
PM LME simple, needle-like, directed ventrally; PM GBL laterally compressed, as long as wide. 
Female: terminalia with posterior margin of sternite VIII concave, with thorn-like projection 
medially; genital fork with lateral arms narrow and elongate,  more than six times longer than 
182 
 
wide, strongly sclerotized medially with “Y”-shape; spermatheca spherical, with visible necks, 
cone-like.  
 
 DESCRIPTION.  See also Alexander 1948. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n=3) , total length 5.50 mm (5.46–5.52); head length 0.70 mm 
(0.67–0.74); head width 0.52 mm (0.49–0.55); clypeus length 0.22 mm (0.20–0.24); clypeus 
width 0.20 mm (0.16–0.24); palpus length 0.92 mm (palpomere length 0.05–0.16–0.33–0.16–
0.22); wing length 6.20 mm (6.0–6.57); wing width 1.60 mm (1.56–1.63). Antenna, with scape 
and pedicel glabrous; pedicel almost twice as long as scape; pedicel spherical, with two 
concentric rows of setiform sensilla inserted medially; flagellomeres numbering 15, f1–14 
cylindrical, each more than two times longer than wide, with flagellomeres increasingly 
narrowing towards apex; f1 same length as f2; f3–14 each with 4–5 trichoid sensilla inserted near 
base of flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–15 each 
with several basiconic sensilla throughout; f15 ovoid in shape, with 4 trichoid sensilla inserted 
apically. Cervical sclerites more than two times longer than wide. Wing with six continuous 
transverse bands of pigment, third and fourth bands merged, giving the appearance of five bands 
only; basal-most band extending from h vein to posterior wing margin and slightly beyond 
proximal area of anal loop; second band extending from midlength of Sc vein to posterior edge 
of C vein at distal end of anal lobe, passing through base of Rs; third band extending from 
midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through r-m 
and m-cu; fort band present as a blotch in cell sc touching c and r1 at level of vein Sc terminus 
and Sc-r, merging with third band on cell c, sc and r2; fifth band band touching C vein on both 
sides of wing, appearing as a transverse band, narrowing in cell r4; apical most band interrupted, 
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with small round blotches touching C vein at apices of R1–M3, connecting with third and fourth 
bands in cell r5. Halteres pale yellow at base, dark at apex. Legs pale yellow; with light brown 
coloration in all joints; tibial spurs light brown 1–?–2, symmetrical. Abdomen: tergites uniformly 
brown; tergite I less than half as long as next; sternite I equal in length as next segment. 
Terminalia: with various degrees of rotation; epandrium with emargination “U-shaped”, 
posterolateral lobes reduced, conical in shape, set with fine setae; hypandrium membranous; 
gonocoxites broad at base, conical in shape; gonostylus slightly longer than gonocoxite, forking 
angle with “U” shape, with dorsal branch digitiform, apice directed medially, ventral branch less 
than twice as long as dorsal branch, with stout setiform sensilla inserted apically; PM DME 
short, almost as long as wide; PM LME simple, conical in shape, elongate, with apice directed 
ventrally; PM GBL laterally compressed, as long as wide; lateral ejaculatory processes of 
aedeagus not apparent, fused with PM DME; PM GBL dorsoventrally compressed, slightly 
longer than wide, set with  prominent setae and numerous small setae; ejaculatory apodeme 
elongate, extending anteriorly to abdominal segment VII terminus, laterally compressed, without 
slight curvature medially, clavate at base; phallotrema trifid, rami equal in length, flared apically; 
genital tract missing. Female:  Measurements (n = 6), total length 5.00 mm (4.90–5.25); head 
length 0.55 mm (0.52–0.58); head width 0.41 mm (0.39–0.48); clypeus length 0.15 mm (0.14–
0.19); clypeus width 0.13 mm (0.11–0.15); palpus length 0.79 mm (palpomere length 0.05–0.16–
0.22–0.16–0.20); wing length 6.00 mm (5.86–6.60); wing width 1.90 mm (1.80–2.04). Head and 
body as in male. Terminalia with posterior margin of sternite VIII straight, emarginated medially 
medially; genital fork with lateral arms ovate,  more than three times longer than wide, strongly 
sclerotized medially with a narrow“Y-shape”; spermatheca missing, ducts more two times longer 
than corpora, annulated and hyaline. 
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 DISTRIBUTION. See Map 19. Protoplasa margarita (Alexander) is currently known 
USA and Canada.  
TYPE MATERIAL.  See Map 19. USA: UT: Zion Nat. Pk.22.vi.1942, coll. M.M. 
Alexander [m#]. Material deposited at the USNM. 
 OTHER MATERIAL EXAMINED.  See Map 19. USA: UT: Zion Nat. 
Pk.22.vi.1942, coll. M. M. Alexander [2m#] Paratypes. CO: Gotaic, 6.vii.1935. coll. Williams 
[1f#] Paratype. ID: Julieta. 3.v.1901; Kendrick, 7.vi.1917, [4f#]; WA: Yakima, 8.vii.1935, coll. 
J. Russell.   
 
 
Protoplasa schmidi (Alexander), 1959   
 
Protanyderus schmidi Alexander, 1959: 54: 53.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: in poor condition. 
Female: Terminalia with posterior margin of sternite VIII straight, with deeply emarginated 
medially; genital fork with lateral arms narrow and elongate, tapering on both ends, more than 
eight times longer than wide, strongly sclerotized medially with narrow “Y”-shape; spermatheca 
strongly sclerotized without necks, piriform; ducts more than three times longer than corpora, 
annulated and hyaline. 
  
 DESCRIPTION.  See also Alexander 1959. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n = 1), total length 7.40 mm; head length 1.00 mm ; head width 
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0.75 mm; clypeus length 0.30 mm; clypeus width 0.25 mm; palpus length 0.81 mm (palpomere 
length 0.09–0.20–0.22–0.18–0.22); wing length 7.50 mm; wing width 2.70 mm. Antenna, with 
scape and pedicel glabrous; pedicel almost twice as long as scape; pedicel spherical, with two 
concentric rows of setiform sensilla inserted medially; flagellomeres numbering 14, f1–13 
elongate and cylindrical, each more than two times longer than wide, with flagellomeres 
increasingly narrowing towards apex; f1 slightly longer than other flagellomeres; f3–14 each 
with 4–5 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as long or 
longer than flagellomere; f 1–15 each with several basiconic sensilla throughout; f15 ovoid in 
shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more than two times longer 
than wide. Wing with six continuous transverse bands of pigment, third and fourth bands 
merged, giving the appearance of five bands only; basal-most band extending from h vein to 
posterior wing margin and slightly beyond proximal area of anal loop, reaching second band on 
cells br, c and sc; second band extending from midlength of Sc vein to posterior edge of C vein 
at distal end of anal lobe, passing through base of Rs; third band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort 
band present as a blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, 
merging with third band on cell c, sc, r1 and r2; fifth band band touching C vein on both sides of 
wing, appearing as a transverse band, uninterrupted, connecting eith fourth band on cell sc and 
r1, straddling vein R1; apical most band with large blotch appearance, connecting with fifth band 
across cell r3 and r4, touching C vein at apices of R1–R5, with a separate smaller blotch at vein 
M1 and M2. Halteres pale yellow at base, light brown at apex. Legs pale yellow; with light brown 
tinge in all joints; tibial spurs light brown 1–2–2, symmetrical. Abdomen: tergites uniformly pale 
brown; tergite I less than half as long as next; sternite I equal in length as next segment. 
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Terminalia in poor condition. Female:  Measurements (n = 1), total length 7.36 mm; head length 
0.92 mm; head width 0.73 mm; clypeus length 0.20 mm; clypeus width 0.28 mm; palpus length 
0.79 mm (palpomere length 0.05–0.16–0.22–0.16–0.20); wing length 8.00 mm; wing width 2.90 
mm. Head and body as in male. Terminalia: with posterior margin of sternite VIII straight, with 
deeply emarginated medially; genital fork with lateral arms narrow and elongate, tapering on 
both ends, more than eight times longer than wide, strongly sclerotized medially with narrow 
“Y”-shape; spermatheca strongly sclerotized without necks, piriform; ducts more than three 
times longer than corpora, annulated and hyaline. 
 DISTRIBUTION. See Map 21. Protoplasa schmidi (Alexander) is currently known from 
India.  
TYPE MATERIAL.  See Map 21. India: Loharket, almora, north India [approx. 30° 
2'20.31"N 79°56'51.97"E], 19,ix.1958, 1758 masl, coll. Schmidt [1f#]. The holotype was 
available for this study.  
 OTHER MATERIAL EXAMINED.  India: Assam- NEFA Kalaktang Kameng, 
1219 masl, 10.x.1961, coll. Schmid [1m#]. 
 REMARKS. Male head and terminalia are poorly slidemounted.  
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Protoplasa sikkimensiss (Alexander), 1960  
 
Protanyderus sikkimensis Alexander, 1960: 55: 114.  
 
DIAGNOSIS. Egg: Unknown. Larva: see Knight 1964. Pupa: Unknown. Male: tibial spurs 1–1–
0; epandrium bilobate, “U-shaped” medially, posterolateral lobes well developed, convex in 
shape, set with fine setae; hypandrium undiferentiated; gonocoxites broad at base, conical in 
shape; gonostylus subequal than gonocoxite, with dorsal branch short and conical, tapering 
apically, ventral branch less than twice as long as dorsal branch, with stout setiform sensilla 
inserted apically; PM DME short, almost as long as wide; PM LME simple, conical in shape, 
broad at base; lateral ejaculatory processes of aedeagus not apparent, fused with PM DME; 
ejaculatory apodeme short, extending anteriorly to abdominal segment VIII, clavate at base; 
phallotrema trifid, rami equal in length, flared apically point of trifurcation at base; genital tract 
missing.  Terminalia with posterior margin of sternite VIII straight, emarginated medially; 
genital fork with lateral arms ovate,  more than three times longer than wide, strongly sclerotized 
medially with a narrow“Y-shape”; spermatheca piriform, elongate, curved, ducts more two times 
longer than corpora.  
 
 DESCRIPTION.  See also Alexander 1948. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n=1) , total length 6.64 mm ; head length 1.14 mm; head width 
0.74 mm; clypeus length 0.30 mm; clypeus width 0.24 mm; palpus length 0.92 mm (palpomere 
length 0.05–0.16–0.33–0.16–0.22); wing length 10.00 mm; wing width 3,70 mm. Antenna, with 
scape and pedicel glabrous; pedicel almost twice as long as scape; pedicel spherical, with two 
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concentric rows of setiform sensilla inserted medially; flagellomeres numbering 14, f1–14 
cylindrical, each more than two times longer than wide, with flagellomeres increasingly 
narrowing towards apex; f1 subequal as f2; f3–13 each with 4–5 trichoid sensilla inserted near 
base of flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–14 each 
with several basiconic sensilla throughout; f14 ovoid in shape, with 4 trichoid sensilla inserted 
apically. Wing with six continuous transverse bands of pigment, third and fourth bands merged, 
giving the appearance of five bands only; basal-most band extending from h vein to posterior 
wing margin and slightly beyond proximal area of anal loop; second band extending from 
midlength of Sc vein to posterior edge of cell bm, touching first band; third band extending from 
midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through r-m 
and m-cu and straddling CuA to reach C; forth band present as a blotch in cell sc touching c and 
r1 at level of vein Sc terminus and Sc-r, merging with third band on cell sc and r1; fifth band band 
touching C vein on both sides of wing, appearing as a transverse band, narrowing in cell r4; 
apical most band interrupted, present as blotches on R1 M3 terminus, connecting with fifth band 
on cells r3 and r4. with small round blotches touching C vein at apices of R1–M3, connecting with 
third and fourth bands in cell r5. Halteres pale yellow at base, dark at apex. Legs missing. 
Abdomen: tergites uniformly light brown; tergite I less than half as long as next; sternite I equal 
in length as next segment. Terminalia: epandrium bilobate, “U-shaped” medially, posterolateral 
lobes well developed, convex in shape, set with fine setae; hypandrium undiferentiated; 
gonocoxites broad at base, conical in shape; gonostylus subequal than gonocoxite, with dorsal 
branch short and conical, tapering apically, ventral branch less than twice as long as dorsal 
branch, with stout setiform sensilla inserted apically; PM DME short, almost as long as wide; 
PM LME simple, conical in shape, broad at base; lateral ejaculatory processes of aedeagus not 
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apparent, fused with PM DME; ejaculatory apodeme short, extending anteriorly to abdominal 
segment VIII, clavate at base; phallotrema trifid, rami equal in length, flared apically point of 
trifurcation at base; genital tract missing. Female:  Measurements (n = 1), total length 10.4 mm ; 
head length 1.1 mm; head width 0.74 mm; clypeus length 0.30 mm; clypeus width 0.33 mm; 
palpus damaged; wing length 10.19 mm; wing width 3,70 mm. Head and body as in male. 
Terminalia with posterior margin of sternite VIII straight, emarginated medially; genital fork 
with lateral arms ovate,  more than three times longer than wide, strongly sclerotized medially 
with a narrow“Y-shape”; spermatheca piriform, elongate, curved, ducts more two times longer 
than corpora. 
 DISTRIBUTION. See Map 22. Protoplasa sikkimensis (Alexander) is currently known 
from Sikkim, India.  
TYPE MATERIAL.  See Map 22. India: Sikkim, Ramtag, 1761 masl, 13.x.1959, coll. 
Schmid [m]. OTHER MATERIAL EXAMINED.   India: Sikkim, Ramtag, 1761 masl, 
13.x.1959. coll. Schmid [1f#] allotype deposited in USNM.   
REMARKS. Legs are missing in Holotype and all but one in Allotype. 
 
 
Protoplasa vanduzeei Alexander, 1918   
 
Protoplasa vanduzeei Alexander, 1918: 29: 285.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: terminalia gonostylus 
branching near the base; PM DME short, almost as long as wide; PM LME simple, elongate and 
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conical, broadly fused with PM GBL; lateral ejaculatory processes of aedeagus not apparent, 
fused with PM DME; aedeagus with phallotrema trifid, all rami equal in length, slightly flared 
apically, , lateral rami slightly arcuate. 
 
 DESCRIPTION.  See also Alexander 1932. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n=1) , total length 5.00 mm; head length 0.75 mm; head width 
0.46 mm; clypeus length 0.20 mm; clypeus width 0.11 mm; palpus length 0.61 mm (palpomere 
length 0.05–0.16–0.20–0.09–0.11); wing length 6.30 mm; wing width 1.20 mm. Antenna, with 
scape and pedicel glabrous; pedicel almost twice as long as scape; pedicel spherical, with two 
concentric rows of setiform sensilla inserted medially; flagellomeres numbering 15, f1–13 
elongate and cylindrical, each more than two times longer than wide, with flagellomeres 
increasingly narrowing towards apex; f1 slightly longer than other flagellomeres; f3–13 each 
with 4–5 trichoid sensilla inserted near base of flagellomere, arranged concentrically, as long or 
longer than flagellomere; f 1–14 each with several basiconic sensilla throughout; f15 ovoid in 
shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more than two times longer 
than wide. Wing with the infuscation distribured throughout, arrangement of bands as in other 
Protoplasas can be observed with training. Halteres pale yellow at base, dark at apex. Legs pale 
yellow; with light brown coloration in all joints; tibial spurs light brown 1–2–2, symmetrical. 
Abdomen: tergites uniformly pale brown; tergite I less than half as long as next; sternite I equal 
in length as next segment. Terminalia: epandrium with posterolateral lobes prominent, conical in 
shape, set with fine setae; hypandrium membranous; gonocoxites robust, conical, narrowing 
apically; gonostylus branching near the base, subequal to gonocoxite, forking angle with “U” 
shape, with dorsal branch conical in shape, apice directed medially, ventral branch more than 
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twice as long as dorsal branch, with stout setiform sensilla inserted apically; PM DME short, 
almost as long as wide; PM LME simple,, elongate and conical, broadly fused with PM GBL; 
lateral ejaculatory processes of aedeagus not apparent, fused with PM DME; PM GBL 
dorsoventrally compressed, slightly longer than wide, set with  prominent setae and numerous 
small setae; ejaculatory apodeme elongate, extending anteriorly to abdominal segment VII 
terminus, laterally compressed, straight, clavate at base; aedeagus with phallotrema trifid, all 
rami equal in length, slightly flared apically, , lateral rami slightly arcuate.  
 DISTRIBUTION. See Map 24. Protoplasa vanduzeei Alexander is currently known from 
California.  
TYPE MATERIAL.  See Map 24. USA: California, los Cerritos, 9-14.1915, coll 
M.C.Vandizee [m#]. Deposited in USNM. MATERIAL.   
 REMARKS. Only one specimen ever collected.  
 
 
Protoplasa venustipes (Alexander), 1960   
 
Protanyderus venustipes Alexander, 1960: 55: 115.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: femur dark brown, tibia 
with dark coloration on both ends, vein r5 with infuscation stratling along entire vein, tarsus 1 
with dark coloration on distal end, other tarsae dark. gonostylus cylindrical with bifurcation on 
distal 1/3, dorsal branch small, conical, narrower than ventral branch, with two digitiform 
protuberances at base of aedeagus, Female: terminalia with posterior margin of sternite VIII 
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slightly convex, emarginated medially, square in shape; genital fork strongly sclerotized, “Y”-
shaped, with lateral arms cylindrical, spermatheca piriform, without visible necks.  
 
 DESCRIPTION.  See also Alexander 1932. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n = 1), total length 9.90 mm; head length 1.00 mm; head width 
1.00 mm; clypeus length 0.23 mm; clypeus width 0.22 mm; palpus length 1.28 mm (palpomere 
length 0.09–0.33–0.31–0.21–0.35); wing length 9.50 mm; wing width 3.00 mm. Antenna 
incomplete, with scape and pedicel glabrous; pedicel almost twice as long as scape; pedicel 
spherical, with two concentric rows of setiform sensilla inserted medially. Cervical sclerites 
more than two times longer than wide. Wing with six continuous transverse bands of pigment, 
third and fourth bands merged, giving the appearance of five bands only; basal-most band 
extending from h vein to posterior wing margin and slightly beyond proximal area of anal loop; 
second band present only in base of Rs, with few disconnected circular infuscation extending to 
posterior edge of C vein at distal end of anal lobe, passing through base of Rs; third band 
touching second band along vein R1 and CuA, third band extending from midlength of Sc vein to 
posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort band 
present as a blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, merging with 
third band on cell c, sc and r2; fifth band band touching C vein on both sides of wing, appearing 
as a transverse band, interrupted in cell r4; apical most band present as infuscation along cell r4; 
vein r5 with infuscation stratling along entire vein. Halteres pale yellow at base, dark at apex. 
Legs pale yellow; with light brown coloration in all joints; tibial spurs light brown, symmetrical. 
Abdomen: tergites dark brown, with lighter coloration on distal margin; tergite I less than half as 
long as next; sternite I equal in length as next segment. Terminalia: with various degrees of 
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rotation; epandrium deeply emarginated, posterolateral lobes reduced, conical in shape, set with 
fine setae; hypandrium membranous; gonocoxites broad at base, cylindrical, narrowing apically; 
gonostylus subequal than gonocoxite in length, dorsal branch robust and conical in shape, apice 
directed medially, more than three times wider than ventral branch, ventral branch less than two 
times longer than dorsal branch, with stout setiform sensilla inserted apically; PM DME short, 
almost as long as wide; PM LME simple, conical in shape; lateral ejaculatory processes of 
aedeagus not apparent, fused with PM DME; PM GBL dorsoventrally compressed, slightly 
longer than wide, set with  prominent setae and numerous small setae; ejaculatory apodeme 
short, extending anteriorly to abdominal segment VIII terminus, laterally compressed, without 
strong curvature medially, clavate at base; aedeagus with phallotrema trifid, short, rami straight, 
equal in length, flared apically, diverging apically , medial ramus less than half as long as lateral 
rami, not flared apically. Female:  Measurements (n = 1),   total length 11.28 mm; head length 
1.05 mm; head width 1.02 mm; clypeus length 0.24 mm; clypeus width 0.22 mm; palpus length 
1.28 mm (palpomere length 0.09–0.32–0.31–0.21–0.35); wing length 11.50 mm; wing width 
2.50 mm. Head and body as in male. terminalia with posterior margin of sternite VIII straight, 
slightly emarginate; genital fork with lateral arms narrow and elongate,  more than eight times 
longer than wide, strongly sclerotized medially with “Y”-shape; spermatheca tear-shaed, without 
visible necks 
 DISTRIBUTION. See Map 25. Protoplasa venustipes (Alexander) is currently known 
from Sikkim, India.  
TYPE MATERIAL.  See Map 25. India: Sikkim, Ramtag, 1761 masl, 13.x.1959, coll. 
Schmid [m#]  
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OTHER MATERIAL EXAMINED.  India: Sikkim, Ramtag, 1761 masl, 13.x.1959, coll. 
Schmid [2f# Paratype; 1f#Allotype]. 
 
 
Protoplasa vipio Osten Sacken, 1877   
 
Protoplasa vipio Osten Sacken, 1877: 13: 208.  
 
DIAGNOSIS. Egg: Unknown. Larva: see Rose 1963. Pupa: Unknown. Male: gonostylus with 
dorsal branch robust and conical in shape, more than three times wider than ventral branch, 
ventral branch less than two times longer than dorsal branch; ejaculatory apodeme short, 
extending anteriorly to abdominal segment VIII terminus, aedeagus with phallotrema trifid, 
short, rami straight, Female: terminalia with posterior margin of sternite VIII straight, slightly 
emarginate; genital fork with lateral arms narrow and elongate,  more than eight times longer 
than wide, strongly sclerotized medially with “Y”-shape; spermatheca tear-shaed, without visible 
necks.  
 
 DESCRIPTION.  See also Alexander 1932. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n = 1),  total length 10.08 mm; head length 1.00 mm; head 
width 1.00 mm; clypeus length 0.23 mm; clypeus width 0.22 mm; palpus length 1.28 mm 
(palpomere length 0.09–0.32–0.31–0.21–0.35); wing length 9.70 mm; wing width 2.60 mm. 
Antenna, with scape and pedicel glabrous; pedicel almost twice as long as scape; pedicel 
spherical, with two concentric rows of setiform sensilla inserted medially; flagellomeres 
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numbering 15, f1–14 elongate and cylindrical, each more than two times longer than wide, with 
flagellomeres increasingly narrowing towards apex; f1 slightly longer than other flagellomeres; 
f3–14 each with 4–5 trichoid sensilla inserted near base of flagellomere, arranged concentrically, 
as long or longer than flagellomere; f 1–15 each with several basiconic sensilla throughout; f15 
ovoid in shape, with 4 trichoid sensilla inserted apically. Cervical sclerites more than two times 
longer than wide. Wing with six continuous transverse bands of pigment, third and fourth bands 
merged, giving the appearance of five bands only; basal-most band extending from h vein to 
posterior wing margin and slightly beyond proximal area of anal loop; second band present only 
in base of Rs, with few disconnected circular infuscation extending to posterior edge of C vein at 
distal end of anal lobe, passing through base of Rs; third band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort 
band present as a blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r, 
merging with third band on cell c, sc and r2; fifth band band touching C vein on both sides of 
wing, appearing as a transverse band, interrupted in cell r4; apical most band interrupted, with 
small circulat blotches distribured on apical area of the wing. Halteres pale yellow at base, dark 
at apex. Legs pale yellow; with light brown coloration in all joints; tibial spurs light brown, 
symmetrical. Abdomen: tergites uniformly pale brown; tergite I less than half as long as next; 
sternite I equal in length as next segment. Terminalia: with various degrees of rotation; 
epandrium deeply emarginated, posterolateral lobes reduced, conical in shape, set with fine 
setae; hypandrium membranous; gonocoxites broad at base, cylindrical, narrowing apically; 
gonostylus subequal than gonocoxite in length, dorsal branch robust and conical in shape, apice 
directed medially, more than three times wider than ventral branch, ventral branch less than two 
times longer than dorsal branch, with stout setiform sensilla inserted apically; PM DME short, 
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almost as long as wide; PM LME simple, conical in shape; lateral ejaculatory processes of 
aedeagus not apparent, fused with PM DME; PM GBL dorsoventrally compressed, slightly 
longer than wide, set with  prominent setae and numerous small setae; ejaculatory apodeme 
short, extending anteriorly to abdominal segment VIII terminus, laterally compressed, without 
strong curvature medially, clavate at base; aedeagus with phallotrema trifid, short, rami straight, 
equal in length, flared apically, diverging apically , medial ramus less than half as long as lateral 
rami, not flared apically. Female:  Measurements (n = 1),   total length 11.28 mm; head length 
1.05 mm; head width 1.02 mm; clypeus length 0.24 mm; clypeus width 0.22 mm; palpus length 
1.28 mm (palpomere length 0.09–0.32–0.31–0.21–0.35); wing length 11.50 mm; wing width 
2.50 mm. Head and body as in male. terminalia with posterior margin of sternite VIII straight, 
slightly emarginate; genital fork with lateral arms narrow and elongate,  more than eight times 
longer than wide, strongly sclerotized medially with “Y”-shape; spermatheca tear-shaed, without 
visible necks 
 DISTRIBUTION. See Map 26. Protoplasa vipio Osten Sacken is currently known from 
the pacific northwest and California.  
TYPE MATERIAL.  See Map 26. USA: CA. San Mateo Creek, Near San Francisco, 
9.iv.1876. [m]. type specimen deposition not specified. 
 OTHER MATERIAL EXAMINED.  See Map 14. USA, OR. Dayton, Willamette, 
17.iv.1949, coll. K.D. Ferder [1m#];  
 REMARKS. Records from Canada are not shown.  
 
 
197 
 
Protoplasa yankovskyi (Alexander), 1938   
 
Protanyderus yankovskyi Alexander, 1938: 67: 129.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: gonostylus with dorsal 
branch robust and conical in shape, more than three times wider than ventral branch, ventral 
branch less than two times longer than dorsal branch; ejaculatory apodeme short, extending 
anteriorly to abdominal segment VIII terminus, aedeagus with phallotrema trifid, short, rami 
straight, Female: terminalia with posterior margin of sternite VIII straight, slightly emarginate; 
genital fork with lateral arms narrow and elongate,  more than eight times longer than wide, 
strongly sclerotized medially with “Y”-shape; spermatheca tear-shaed, without visible necks.  
 
 DESCRIPTION.  See also Alexander 1932. Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Measurements (n = 1),  total length 12.83 mm; head length 1.63 mm; head 
width 1.00 mm; clypeus length 0.55 mm; clypeus width 0.30 mm; palpus twisted; wing length 
9.70 mm; wing width 2.60 mm. Antenna, with scape and pedicel glabrous; pedicel almost twice 
as long as scape; pedicel spherical, with two concentric rows of setiform sensilla inserted 
medially; flagellomeres numbering 15, f1–14 elongate and cylindrical, each more than two times 
longer than wide, with flagellomeres increasingly narrowing towards apex; f1 slightly longer 
than other flagellomeres; f3–14 each with 4–5 trichoid sensilla inserted near base of 
flagellomere, arranged concentrically, as long or longer than flagellomere; f 1–15 each with 
several basiconic sensilla throughout; f15 ovoid in shape, with 4 trichoid sensilla inserted 
apically. Cervical sclerites more than two times longer than wide. Wing with six continuous 
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transverse bands of pigment, third and fourth bands merged, giving the appearance of five bands 
only; basal-most band extending from h vein to posterior wing margin and slightly beyond 
proximal area of anal loop; second band present only in base of Rs, as a circular blotch; third 
band extending from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, 
passing through r-m and m-cu; fort band present as a blotch in cell sc touching c and r1 at level of 
vein Sc terminus and Sc-r, merging with third band on cell c, sc and r2; fifth band band touching 
C vein on both sides of wing, appearing as a transverse band; apical most band uninterrupted, 
along the wing margin distally; cell r4 dark Halteres pale yellow at base, dark at apex. Femur 
pale yellow with dark coloration apically, all other leg parts dark brown; tibial spurs dark brown, 
symmetrical. Abdomen: tergites uniformly pale yellow; tergite I less than half as long as next; 
sternite I equal in length as next segment. Terminalia: epandrium deeply emarginated, “V”-
shaped, posterolateral lobes long, ovate in shape, set with fine setae; hypandrium membranous; 
gonocoxites cylindrical, narrowing apically; gonostylus slightly longer than gonocoxite, dorsal 
branch conical in shape, apice directed medially, ventral branch two times longer than dorsal 
branch, with stout setiform sensilla inserted apically; PM DME short, almost as long as wide; 
PM LME complex, with two acuminate extensions, second extension curves upward next to 
phallotrema. lateral ejaculatory processes of aedeagus not apparent, fused with PM DME; PM 
GBL dorsoventrally compressed, slightly longer than wide, set with  prominent setae and 
numerous small setae; ejaculatory apodeme extending anteriorly to abdominal segment VIII 
terminus, laterally compressed, without curvature, clavate at base; aedeagus with phallotrema 
trifid, short, rami straight, equal in length, slightly flared apically. Female:  Measurements (n = 
1),   total length 14.4 mm; head length 1.66 mm; head width 0.88 mm; clypeus length 0.53 mm; 
clypeus width 0.34 mm; palpus length 1.81 mm (palpomere length 0.13–0.50–0.50–0.30–0.38); 
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wing length 11.50 mm; wing width 2.50 mm. Head and body as in male. terminalia with 
posterior margin of sternite VIII lobate, slightly emarginate; genital fork strongly sclerotized, 
with lateral arms broad and elongate, three times longer than wide, with “Y”-shape; spermatheca 
spherical, one 1/3 the size of the other two, without visible necks 
 DISTRIBUTION. See Map 27. Protoplasa yankovskyi (Alexander) is currently known 
from North Korea.  
TYPE MATERIAL.  See Map 27. North Korea, Chosani, Paiktusan, 1310 masl, 
12.vii.1937, coll. Yankovsky [m].   
 OTHER MATERIAL EXAMINED.  North Korea, Ompo, 60masl, 29.v.1938, coll. 
Yankovsky, [2f#].   
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Fig. 8. Radinoderus mirabilis (De Meijere) female habitus, lateral view   
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Radinoderus Handlirsch, 1909 
 
Radinoderus Handlirsch, 1909: pp. 270. Type species: Cylindrotoma ornatissima Doleschall, by 
original designation. 
 
 
DIAGNOSIS. Egg: Unknown. Larva: Not Available for current study. The following generic 
larval description is from Judd (2004) “The anterior margin of the frontoclypeal apotome is 
straight. Labral and clypeal sclerites are present as separate, transverse bands, the former with 
setae present. The glandular duct (sensu Anthon 1988) is absent from three species examined. 
The ventral portion of the cranium is reduced posteriorly with genae forming a ventral bridge 
posterior to the hypostoma. The anterior margin of the hypostoma is serrate. The galea and 
lacinia of maxilla are not distinct. Anal prolegs are short, with a tuft of setae extending from the 
base of the proleg filament. The basal portion of 8th and 9th abdominal filaments are with or 
without fine setae. The ninth abdominal segment bears a dorsal plate often extending to 
filament.”  Pupa: Unknown. Male: head with eyes approximate anteriorly and posteriorly, frons 
& occiput narrowed; cervix elongate, distinctly tapered anteriorly; Cuticle with variegated 
coloration, light- to dark brown; vestiture light brown; abdominal tergites dark brown, with 
irregular, pale markings on either side of median; wing more than 8 mm in length, infuscated, 
with pigment arranged in six transverse bands slightly contiguous in some areas, wing noticeably 
convex anteriorly and posteriorly, edge tapering distally in some species; vein R1 arcuate, 
supernumerary cross-veins absent, except in some specimens of R. supernumerarius; male 
Terminalia (based on R. ocroceratus and a poorly slide mounted R. solomonis): with varying 
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degree of rotation, involving segments 7–9; epandrium parallel in dorsal view, with posterior 
margin bilobed, broadly emarginated, set with setae alveoli posteriorly; gonocoxites fused to 
hypandrium, divergent from each other at origin, each with conical appearance, with vassal 
“flap” extending towards PM VP ; gonostylus cylindrical, apex hirsute, broadly rounded, 
directed medially; PM DB moderately sclerotized, broadly fused with PM LME laterally; PM 
LME prominent, swollen and rounded apically, without distinct lobes, set with medium size 
setae covering entire medial and apical surface, broadly fused with PM GBL ventrally; PM DME 
present but not prominent, with membranous connections to PM DB and lateral ejaculatory 
processes of aedeagus; PM GBL digitiform, with prominent setae,  differentiated from 
gonocoxite by membranous area; PM VP well developed, heavily sclerotized, prolonged 
posteriorly with scoop-shaped shield over aedeagus ; lateral ejaculatory processes enlarged, 
digitiform in shape, subequal in length to PM DME; aedeagus with apical 1/3 trifurcate, 
simetrical, basal 2/3 elongate with fused ducts; phallotrema flared.  Female: coloration, head, 
thorax, legs and wings as in male; posteriot margin of sternite VIII slightly bilobate apically, 
with “V” shape emargination medially; genital fork highly reduced, arms sclerotized, 
membranous medially; spermatheca not readily differentiated from ducts; ducts extremely 
elongate, coiled, hyaline, with strong sclerotization near opening.  
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Radinoderus caledoniana Hynes, 1993   
 
Radinoderus caledoniana Hynes, 1993: 3: 78.  
Radinoderus caledoniana Hynes; Judd, 2004: 45: 630. [regional review] 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Adult: only wing available for 
this study. See desciption.  
 
 DESCRIPTION.  See also Hynes (1993).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Adult:  Measurements (n = 1), wing length 11.52 mm; wing width 3.50 mm. Wing 
slightly acuminate distally, infuscate, with four transverse bands of pigment possessing 
irregularly distributed cleat blotches; first band extending from h vein to posterior wing margin 
and slightly beyond proximal area of anal loop; second band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu, with 
pale blotches, connecting to first band at cell bm and base of cu; third band touching C vein on 
both sides of wing, connecting with second band at cell sc and r1 at Sc1+Sc2 fork level; fourth 
band with irregular pattern at wing apical area, connecting with third band at cells r3,r4 and r5, 
intersection of vein C with veins R1, R2 and M2 reduced to isolated blotches.  
 DISTRIBUTION. See Map 28. Radinoderus caledoniana Hynes is currently known only 
from one location in New Caledonia.  
TYPE MATERIAL.  New Caledonia: Holotype sex unknown: Mount Mou [approx. 22° 
4'44.85"S 166°20'29.76"E], 160-250masl, 6.xii.1983, coll. L. Matile, Forest INF. The specimen 
is deposited in two museums. National Museum, of Natural History in Paris (NMHNP) and the 
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USNM (type number 3014). The latter possesses only the wing. Only the USNM material was 
examined during the current study. 
 REMARKS. Holotype leg pigmentation is faint, giving a uniform light brown to pale 
yellow coloration on all segments; terminalia in poor condition (slide mounted).  
 
 
Radinoderus dorrigensis Alexander, 1930   
 
Radinoderus dorrigensis Alexander 1930: 4: 228. 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: sternites II–VI pale 
yellow with “Y” shape dark brown mark medially and angled posterior dark brown. Female: 
sternites as in male; mid- and hind tibia of same length; terminalia with posterior margin of 
sternite VIII slightly bilobate, tapering apically, emarginate medially, emargination with “V” 
shape; genital fork highly reduced, lateral arms rectangular in shape, membranous medially, 
spermathecal capsules not readily differentiated from ducts, spermathecal ducts annulated, 
extremely elongate, coiled, unpigmented, with strong sclerotization near opening. 
 
 DESCRIPTION.  See also Alexander (1930).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male:  Measurements (n = 1), total length 13.12 (abdominal segments VI–genitalia 
missing); head length 1.70 mm; head width 1.10; clypeus length 0.53 mm; clypeus width 0.48 
mm; palpus length 1.76mm (palpomere length 0.18–0.35–0.59–0.35–0.29); wing length 15.20 
mm; wing width 4.32 mm. Antenna with scape and pedicel glabrous, each with two concentric 
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rows of setiform sensilla inserted distally; scape cylindrical, almost twice as long as pedicel; 
pedicel spherical; flagellomeres missing in specimen, more than three times longer than wide, 
cylindrical, each with over 20 trichoid sensilla throughout, shorter or subequal than length of 
flagellomere. Cervical sclerites damaged in specimen. Wing tapering distally; infuscate, with 
three transverse bands of pigment appearing as two “X” shaped areas, basal-most band extending 
from h vein to posterior wing margin and slightly beyond proximal area of anal loop, medial 
band extending from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, 
passing through r-m and m-cu, connecting with basal band anteriorly; apical-most band touching 
C vein on both sides of wing, connecting with second band anteriorly, with irregular pattern at 
wing apical area. Halteres pale yellow at base, dark at apex. Legs pale yellow; femur with dark 
brown ring near mid-length and dark brown distally; tibia with dark brown coloration 
proximally: Tibial spurs light brown 1–2–2, symmetrical. Abdomen: segment I one third as long 
as next segment; tergite I dark brown with pair of pale anterolateral blotches, tergites II–VIII 
dark brown with large oval shaped pale diagonal markings on either side of medial line; sternites 
II–VI pale yellow with “Y” shape dark brown mark medially and angled posterior dark brown. 
Terminalia missing in specimen. Female:  Measurements (n = 1), total length 22.50; head length 
1.70 mm (1.70–1.75); head width (collapsed in specimen); clypeus length 0.61; clypeus width 
0.35; palpus length 1.82mm (palpomere length 0.20–0.37–0.57–0.37–0.31); wing length 18.40 
mm; wing width 5.12 mm. Antenna with scape and pedicel glabrous; scape, cylindrical, almost 
twice as long as pedicel, no concentric rows of setiform sensilla inserted distally; pedicel 
spherical with one concentric rows of setiform sensilla inserted distally; flagellomeres 
numbering 18, cylindrical; f 1–17 each more than three times longer than wide with over 20 
trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 20 twice as long as 
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wide, with 5 trichoid sensilla inserted apically. Cervical sclerites over 2.00 mm in length. Wing 
as in male. Halteres as in male.  Legs as in male: Tibial spurs as in male. Abdomen as in male, 
differing in tergite VIII dark brown. Terminalia with posterior margin of sternite VIII slightly 
bilobate, tapering apically, emarginate medially, emargination with “V” shape; genital fork 
highly reduced, lateral arms rectangular in shape, membranous medially; spermatheca numbering 
three; Spermathecal capsules not readily differentiated from ducts, cylindrical, rounded 
terminally; Spermathecal ducts annulated, extremely elongate, coiled, unpigmented, with strong 
sclerotization near opening.  
 DISTRIBUTION. See Map 29. Radinoderus dorrigensis Alexander is currently known 
from only one locality in Eastern Australia.  
TYPE MATERIAL.  Australia, New South Wales: Holotype f#:  Brooklana, eastern 
Dorrigo, [approx. 30°23′46″S 152°29′49″E], 2000ft coll. W. Heron, 10.ii.1929. Deposited in the 
USMN.  
 OTHER MATERIAL EXAMINED.  See Map 29.  Australia, New South Wales: 
Brooklana, eastern Dorrigo, [approx. 30°23′46″S 152°29′49″E ], 2000ft coll. W. Heron, x–
xi.1929 [1m#].  In the USMN. 
REMARKS.  The holotype for this species is currently held in the USNM, but the head is 
missing. The only male specimen examined has the abdomen incomplete; due to awkward 
positioning of the dried specimens, the cervical sclerites were not fully visible. 
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Radinoderus holwayi Alexander, 1946   
 
Radinoderus holwayi Alexander, 1946: 1: 51.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Unknown. Female: 
Antenna dark brown in coloration; tarsal spurs present in hind-tarsomeres I and I; tergites dark 
brown with two irregular pale yellow markings arranged diagonally on either side of medial line, 
each segment with pale yellow ovoid pattern centrally, apically. Terminalia with posterior 
margin of sternite VIII strongly bilobate apically, emarginate medially, emargination quadrate in 
shape; hypoginial valve with “U” shape sclerite basally; genital fork with, lateral arms elongate 
transversely, more than seven times longer than wide, membranous medially. 
 
 DESCRIPTION.  See also Alexander (1946).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Unknown. Female:  Measurements (n = 1), total length 26.25 mm; head length 
2.30 mm; head width 1.05 mm; clypeus length 0.75 mm (0.53–0.65); clypeus width 0.50 mm; 
palpus length 1.72 mm (palpomere length 0.09–0.44–0.53–0.26–0.40); wing length 17.92 mm; 
wing width 5.45 mm. Antenna uniformly dark brown in color, with scape and pedicel glabrous; 
scape cylindrical, almost twice as long as pedicel; pedicel spherical, each with three concentric 
rows of setiform sensilla inserted distally; flagellomeres broken in specimen at sixth segment, 
cylindrical; f 1–5 each more than two times longer than wide with over 20 trichoid sensilla 
throughout, shorter or subequal than length of flagellomere. Cervical sclerites over four and a 
half times longer than wide. Wing slightly acuminate distally, infuscate, with four transverse 
bands of pigment; first band extending from h vein to posterior wing margin and slightly beyond 
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proximal area of anal loop; second band extending from midlength of Sc vein to posterior edge 
of C vein at distal end of anal lobe, passing through r-m and m-cu, with pale blotches, connecting 
to first band at cell bm; third band touching C vein on both sides of wing, connecting with 
second band at cell sc, r1 ,r2 and r3 at Sc1+Sc2 fork level; fourth band with irregular pattern at 
wing apical area, connecting with third band at cells r4 and r5. Halteres pale yellow at base, dark 
at apex.  Legs with femur pale yellow and dark brown coloration distally, tibia pale yellow with 
dark coloration proximally, tarsae uniformly pale yellow in color: Tibial spurs light brown 1–2–
2, symmetrical. Tarsal spurs present in hind-tarsomeres I and II (tarsal spurs length 0.16–0.14). 
Abdomen: segment I less than half as long as next segment; tergites dark brown with two 
circular pale yellow markings near caudall end of tergite and two small pale yellow dots near the 
edge on either side of medial line, each segment with pale yellow ovoid pattern centrally, 
apically. Terminalia with posterior margin of sternite VIII strongly bilobate apically, emarginate 
medially, emargination quadrate in shape; hypoginial valve with “U” shape sclerite basally; 
genital fork with, lateral arms elongate transversely, more than seven times longer than wide, 
membranous medially; spermatheca numbering three; Spermathecal capsules not readily 
differentiated from ducts, cylindrical, rounded terminally; Spermathecal ducts annulated, 
extremely elongate, coiled, unpigmented, with strong sclerotization near opening. 
 DISTRIBUTION. See Map 30. Radinoderus holwayi Alexander is currently only known 
from one location in the Solomon Islands.  
TYPE MATERIAL. Solomon Islands, Guadalcanal Island: Holotype f#: coll. R.T. 
Holway, 06.v.1946; the specimen is deposited in the USMN.   
 REMARKS. Radinoderus holwayi appears very similar to R. ochroceratus.  No 
significant differences were observed between R. holwayi and R. ochroceratus aside from the 
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tarsi and antennae being of different color, as well as a size difference as noted by Colless 
(1962). It is one of two species of Radinoderus, along with R. pictipes, to possess tarsal spurs on 
the hind leg. 
 
 
Radinoderus mirabilis (De Meijere), 1915   
 
Tanyderus mirabilis De Meijere, 1915: 13: 51.  
Radinoderus mirabilis (De Meijere) Alexander 1959: 54: 39. 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Not available. Female: 
Terminalia with posterior margin of sternite VIII slightly bilobate, emarginate medially, 
emargination “U” shape; hypoginial valve quadrate basally and pointed caudally; genital fork 
with, lateral arms rectangular in shape, set transversely, slightly more than two times longer than 
wide, membranous medially; spermathecal ducts annulated, extremely elongate, coiled, 
unpigmented, with strong sclerotization near opening, sclerotization shorter than other 
Radinoderus species. 
 
 DESCRIPTION.  See also De Meijere (1915).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male:  Not available. Female:  Measurements (n = 2), total length 17.52 mm (17.35–
17.83); head length 1.47 mm (1.44–1.49); head width 1.00 mm (0.98–1.02); clypeus length 0.43 
mm (0.40–.045); clypeus width 0.46 mm; palpus length 1.80mm (palpomere length average 
0.12–0.22–0.51–0.28–0.46); wing length 15.68 mm (15.45–15.92); wing width 4.26 mm (4.10–
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4.39). Antenna with scape and pedicel glabrous, each with two concentric rows of setiform 
sensilla inserted distally; scape cylindrical, almost twice as long as pedicel; pedicel spherical; 
flagellomeres numbering 20, cylindrical; f 1–19 each more than two times longer than wide with 
over 20 trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 20 twice 
as long as wide, with 3 trichoid sensilla inserted apically. Cervical sclerites almost four times 
longer than wide. Wing held away from body at angle, slightly acuminate distally, infuscate, 
with four transverse bands of pigment; first band extending from h vein to posterior wing margin 
and slightly beyond proximal area of anal loop; second band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu, with 
pale blotches, connecting to first band at cell bm; third band touching C vein on both sides of 
wing, connecting with second band at cell sc, r1 and r2 at Sc1+Sc2 fork level; fourth band with 
irregular pattern at wing apical area, connecting with third band at cells r3,r4 and r5. Halteres pale 
yellow at base, dark at apex.  Legs with femur pale yellow with dark brown coloration distally, 
tibia pale yellow with dark brown coloration at both ends, tarsae dark brown: Tibial spurs light 
brown 1–2–2, symmetrical. Abdomen: segment I half as long as next segment; tergite I light 
brown with pair of pale anterolateral blotches and a faint transverse posterior band posteriosly, 
tergites II–VIII light brown with large irregular pale diagonal markings on either side of medial 
line. Terminalia with posterior margin of sternite VIII slightly bilobate, emarginate medially, 
emargination “U” shape; hypoginial valve quadrate basally and pointed caudally; genital fork 
with, lateral arms rectangular in shape, set transversely, slightly more than two times longer than 
wide, membranous medially; spermatheca numbering three; Spermathecal capsules not readily 
differentiated from ducts, cylindrical, rounded terminally; Spermathecal ducts annulated, 
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extremely elongate, coiled, unpigmented, with strong sclerotization near opening, sclerotization 
shorter than other Radinoderus species.  
DISTRIBUTION. See Map 31. Radinoderus.mirabilis (De Meijere) is currently known from 
multiple localities in Papua New Guinea.  
TYPE MATERIAL.  Indonesia, Papua: Holotype f#: coll. Not specified, 29.x.1912; the 
specimen is deposited in the Indonesian Institute of Sciences New Guinea kloof-biwak. Type 
specimen not available for current study.  
 OTHER MATERIAL EXAMINED.  See Map 31.  Indonesia, Papua: Utakwa River, IX. 
1912–iii.1913, coll. A.F.R. Wollaston [1f#]; Hollandia, DNG, iv.1945, coll. B. Malkin, [1f#]. 
Papua New Guinea: Wau Wau Ecology Institute (WEI), Morobe Province, 1200masl, 25–
31.vii.1983, coll. S.E. & P.M Miller, U.V. Light, Montane Forest [1f#]. 
 REMARKS. The wing infuscation of Radinoderus mirabilis very similar to that of R. 
supernumerarius differing only in having significantly fewer clear blotches. Possibly a synonym 
of R. supernumerarius; however, male specimens need to be examined in order to make this 
determination. 
 
 
Radinoderus occidentalis (Alexander), 1925.  Not available for this study. 
 
 DISTRIBUTION. See Map 32. Radinoderus occidentalis (Alexander) is restricted to 
Western Australia. 
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Radinoderus ochroceratus Colless, 1962   
 
Radinoderus ochroceratus Colless, 1962: 87: 309.  
 
DIAGNOSIS. Egg: Unknown. Pupa: Unknown. Male: Cuticle light- to dark brown; vestiture 
light brown; abdominal tergites dark brown, with irregular, light brown markings, sometime as 
spots, transversely on either side of median; wing more than 12 mm in length; supernumerary 
cross-veins absent; antenna with 21 flagellomeres; epandrium with setae alveoli apically; 
terminalia: PM DB moderately sclerotized, broadly fused with PM LME; PM LME broadly 
interconnected with PM GBL ventrally, prominent, inflated, without distinct lobes; PM DME 
weakly sclerotized at connection with lateral ejaculatory processes of aedeagus;  PM GBL 
digitiform in lateral view; aedeagus trifurcated at midlength, trifurcation one third as long as 
common phallotrema. Female: Not available. 
 
 DESCRIPTION.  See also Colless (1962).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male:  Measurements (n = 1), total length 16.10 mm; head length 1.75 mm; head 
width 0.88 mm; palpus length 1.42 mm (segment length 0.09–0.30–0.51–0.26–0.26); clypeus 
length 0.44 mm; clypeus width 0.35 mm; wing length 12.95 mm; wing width 2.72 mm. Antenna 
with scape and pedicel glabrous, each with two concentric rows of setiform sensilla inserted 
distally; scape cylindrical, almost twice as long as pedicel; pedicel spherical; flagellomeres 
numbering 21, more than two times longer than wide, cylindrical; f 1–21 each with over 20 
trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 21 with 3 trichoid 
sensilla inserted apically. Cervical sclerites more than four times longer than wide. Wing 
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acuminate distally, infuscate, with four transverse bands of pigment; first band extending from h 
vein to posterior wing margin and slightly beyond proximal area of anal loop; second band 
extending from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, 
passing through r-m and m-cu, with pale blotches; third band touching C vein on both sides of 
wing, connecting with second band at cell sc, r1 and r2 at Sc1+Sc2 fork level; fourth band with 
irregular pattern at wing apical area, connecting with third band at cells r4. Halteres pale yellow 
at base, dark at apex. Legs light to dark brown, darker at both ends: Tibial spurs dark brown 1–
2–2, symmetrical. Abdomen: segment I one third as long as next segment; tergite I dark brown 
with pair of pale anterolateral blotches and a faint transverse posterior band posteriosly, tergites 
II–VIII dark brown with large irregular pale diagonal markings on either side of medial line. 
Terminalia with torsion of 180 degrees; gonocoxites narrowly contiguous at base, fusing with 
hypandrium, divergent from each other at origin, each nearly cylindrical, tapering slightly toward 
apex; setiform sensilla or setae alveoli distributed over dorsal, ventral and lateral surface, absent 
mesally; gonostylus cylindrical, subequal in length to gonocoxite, slightly tapering at apex, 
curved medially, with prominent setae alveoli evenly distributed over surface, hirsute apically; 
hypandrium not evident; epandrium slightly wider than long, with setae alveoli distributed over 
entire surface; proctiger recessed anteriorly, nested within epandrium; cercus inconspicuous, 
unmodified, setose; PM DB moderately sclerotized, broadly fused with PM LME; PM LME 
broadly interconnected with PM GBLventrally, prominent, inflated, without distinct lobes, not 
pointed apically, set with medium sized setae on medial and apical surface; PM DME element 
present but not prominent, articulated basally with PM DB, articulated apically with lateral 
ejaculatory processes of aedeagus; PM GBL digitiform in lateral view, with several prominent 
setiform sensilla inserted subapically, many smaller trichoid sensilla inserted on entire surface; 
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ejaculatory apodeme unmodified extending anteriorly to abdominal segment 7 terminus, clavate 
at base, with surface corrugated; sperm sac balloon-like, surrounded by aedeagus posteriorly, 
attached to ejaculatory apodeme anteriorly; aedeagus narrowed abruptly at base, trifurcated at 
midlength; point of trifurcation symmetrical in caudal view, trifurcation one third as long as 
common phallotrema; phallotrema not flared; testes undifferentiated; vasa deferentia, narrow, 
elongate and ribbed in appearance; ejaculatory duct lightly sclerotized, entering sperm sac 
through ejaculatory apodeme foramen. Female:  Not available.  
 DISTRIBUTION.  See Map 33. Radinoderus ochroceratus Colless is currently only 
known from one locality in Papua New Guinea, on the island of Bouganville. 
TYPE MATERIAL. Solomon Island. Bougainville: Holotype f#: Bougainville, coll. F.N. 
Ratclifffe, 2.iv.45; the specimen is deposited in the Bishop Museum, Hawaii. Holotype was not 
examined during the current study. 
 OTHER MATERIAL EXAMINED.  See Map 33.  Solomon Island: Bougainville, flying 
at edge of jungle, 2.iv.45; coll. F.N. Ratclifffe [1m#].  
 REMARKS. Very similar to R. holwayi, no significant differences were observed 
between specimens of R. ochroceratus observed here and the holotype of R. holwayi aside from 
tarsi and antennae being of different color, as well as size difference as noted by Colless (1962). 
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Radinoderus oculatus (Riedel), 1921. Not available for this study. 
 
   DISTRIBUTION.  See Map 34. Radinoderus oculatus (Riedel) is restricted to Papua 
New Guinea. 
 
 
Radinoderus ornatissimus (Doleschall), 1858. Not available for this study. 
 
 DISTRIBUTION.  See Map 35. Radinoderus ornatissimus (Doleschall) is restricted to 
Indonesia, in the island of Maluku. 
 
 
Radinoderus pictipes Alexander, 1946   
 
Radinoderus pictipes Alexander, 1946: 1: 53.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Unknown. Female: 
Cervical sclerites three times longer than wide; tergites I and II dark brown with one irregular 
pale yellow markings apicallu on either side of medial line, tergites III–VII dark brown with one 
irregular pale yellow markings basally on either side of medial line; tarsal spurs present in mid-
tarsomerte I and hind-tarsomeres I and II; terminalia with posterior margin of sternite VIII 
slightly bilobate, emarginate medially, emargination “U” shape; hypoginial valve quadrate 
basally, with small conical projections meso-caudally; genital fork with, lateral arms set 
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transversely, slightly more than three times longer than wide, spermathecal ducts annulated, 
extremely elongate, coiled, unpigmented, with strong sclerotization near opening, sclerotization 
shorter than most Radinoderus species. 
 
 DESCRIPTION.  See also Alexander (1946).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male: Unknown. Female:  Measurements (n = 1), total length 12.50 mm (head 
missing in specimen); wing length 14.72 mm; wing width 4.80 mm. Antenna with scape and 
pedicel glabrous; scape cylindrical, almost twice as long as pedicel; pedicel spherical, with two 
concentric rows of setiform sensilla inserted distally; flagellomeres numbering 21, more than two 
times longer than wide, cylindrical; f 1–20 each with over 20 trichoid sensilla throughout, shorter 
or subequal than length of flagellomere; f 21 with 3 trichoid sensilla inserted apically. Cervical 
sclerites three times longer than wide. Wing slightly acuminate distally, infuscate, with four 
transverse bands of pigment; first band extending from h vein to posterior wing margin and 
slightly beyond proximal area of anal loop; second band extending from midlength of Sc vein to 
posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu, with pale 
blotches, connecting to first band at cell sc and bm; third band touching C vein on both sides of 
wing, connecting with second band at cell sc, r1 and r2 at Sc1+Sc2 fork level; fourth band with 
irregular pattern at wing apical area, connecting with third band at cells r4 and r5 and m1. Halteres 
pale yellow at base, dark at apex.  Legs pale yellow; femur with dark brown coloration distally, 
tibia pale yellow with dark coloration distally and proximally, tarsae uniformly pale yellow in 
color: Tibial spurs light brown 1–2–2, symmetrical. Tarsal spurs present in mid-tarsomerte I 
(Tarsal spur length 0.09), hind-tarsomeres I and II (tarsal spurs length 0.11–0.09). Abdomen: 
segment I less than half as long as next segment; tergites I and II dark brown with one irregular 
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pale yellow markings apicallu on either side of medial line, tergites III–VII dark brown with one 
irregular pale yellow markings basally on either side of medial line. Terminalia with posterior 
margin of sternite VIII slightly bilobate, emarginate medially, emargination “U” shape; 
hypoginial valve quadrate basally, with small conical projections meso-caudally; genital fork 
with, lateral arms set transversely, slightly more than three times longer than wide, membranous 
medially; spermatheca numbering three; Spermathecal capsules not readily differentiated from 
ducts, cylindrical, rounded terminally; Spermathecal ducts annulated, extremely elongate, coiled, 
unpigmented, with strong sclerotization near opening, sclerotization shorter than most 
Radinoderus species. 
 DISTRIBUTION. See Map 36. Radinoderus pictipes Alexander is currently known from 
the Solomon Islands.  
TYPE MATERIAL.  Indonesia, Papua: Holotype f#: Jayapura (Hollandia) [approx. 
02°31'59.65"S 140°43'22.51"E], coll. W. Stuber, v.1934. The specimen is deposited in the 
USNM (type number 7864).   
 REMARKS. Radinoderus pictipes is one of two species of Radinoderus along with R. 
holwayi, to possess tarsal spurs on the hind leg. Antennae of the holotype are slide mounted. 
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Radinoderus solomonis (Alexander), 1924  
 
Tanyderus solomonis Alexander, 1924: 12: 143.  
Radinoderus solomonis (Alexander) Alexander, 1946: 1: 51.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle light- to dark 
brown; vestiture light brown; abdominal tergites dark brown, with irregular, light brown  
elongated blotches transversely on either side of median; antenna with 19 flagellomeres; wing 
more than 8.5 mm in length; cervical sclerites more than five times longer than wide; epandrium 
with peglike setae posteriorly; terminalia: gonocoxites conical in shape; gonostylus cylindrical, 
clubbed at apex; PM DB moderately sclerotized, broadly fused with PM LME, PM LME 
interconnected with PM GBL ventrally, prominent, inflated, without distinct lobes, not pointed 
apically, PM DME evenly sclerotized, PM GBL strongly digitiform; aedeagus trifurcated at 
midlength, trifurcation half as long as common phallotrema. Female: Antenna with 19 
flagellomeres; terminalia with posterior margin of sternite VIII slightly bilobate apically, 
emarginate medially, emargination with “V” shape; genital fork highly reduced, lateral arms 
reniform in shape, membranous medially with sclerotized cilindrical apice; 
 
 DESCRIPTION.  See also Alexander (1924).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male (Fig. 43):  Measurements (n = 1), total length 9.80 mm; head damaged; palpus 
length 1.47 mm (segment length 0.09–0.30–0.49–0.26–0.33); clypeus length 0.30 mm; clypeus 
width unavailable; wing length 8.50 mm; wing width 21.16 mm. Antenna with pedicel spherical, 
glabrous, with two concentric rows of setiform sensilla inserted distally; scape missing; 
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flagellomeres numbering 20, more than two times longer than wide, cylindrical; f 1–19 each with 
over 20 trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 20 with 3 
trichoid sensilla inserted apically. Cervical sclerites more than five times longer than wide. Wing 
(Figs. 25–26) slightly acuminate distally, infuscate, with four transverse bands of pigment 
possessing irregularly distributed cleat blotches; first band extending from h vein to posterior 
wing margin and slightly beyond proximal area of anal loop; second band extending from 
midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through r-m 
and m-cu, with pale blotches, connecting to first band at cell bm and base of cu; third band 
touching C vein on both sides of wing, connecting with second band at cell sc, r1 and r2 at 
Sc1+Sc2 fork level; fourth band with irregular pattern at wing apical area, connecting with third 
band at cells r4, r5 and distal area of m4. Halteres pale yellow at base, dark at apex. Legs 
uniformly dark brown: Tibial spurs pale yellow 1–2–?, symmetrical. Abdomen: segment I half as 
long as next segment; tergite I dark brown with pair of pale anterolateral blotches anteriorly, 
tergites II–VIII dark brown, with irregular, light brown  elongated blotches transversely on either 
side of median. Terminalia with gonocoxites conical, narrowly contiguous at base, divergent 
from each other at origin; setiform sensilla or setae alveoli distributed throughout surface; 
gonostylus cylindrical, subequal in length to gonocoxite, clubbed at apex, with prominent setae 
alveoli evenly distributed over surface, hirsute apically; hypandrium not evident; epandrium 
slightly wider than long, with setae alveoli distributed over entire surface, peglike setae 
posteriorly; proctiger damaged in specimen; cercus inconspicuous, unmodified, setose; PM DB 
moderately sclerotized, broadly fused with PM LME; PM LME broadly interconnected with PM 
GBL ventrally, prominent, inflated, without distinct lobes, not pointed apically, set with medium 
sized setae on medial and apical surface; PM DME evenly sclerotized; PM GBL strongly 
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digitiform, with several prominent setiform sensilla inserted subapically, many smaller trichoid 
sensilla inserted on entire surface; ejaculatory apodeme unmodified, clavate at base, with surface 
corrugated; Sperm sac missing in specimen; aedeagus trifurcated at midlength; trifurcation half 
as long as common phallotrema; phallotrema not flared; testes, vasa deferentia and ejaculatory 
duct damaged in specimen. Female (Fig. 43):  Measurements (n = 3), total length 16.27 mm 
(14.50–18.05); head length 1.75 mm (1.50–2.00); head width 1.18 mm (1.03–1.33); clypeus 
length 0.59 mm (0.53–0.65); clypeus width 0.45 mm (0.39–0.51); palpus length 1.76 mm 
(palpomere length average 0.13–0.37–0.53–0.36–0.37); wing length 12.88 mm (12.15–13.60); 
wing width 4.01 mm (3.85–4.32). Antenna with scape and pedicel as male; flagellomeres 
numbering 19, cylindrical; f 1–18 each more than two times longer than wide with over 20 
trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 19 twice as long as 
wide, with 4 trichoid sensilla inserted apically. Cervical sclerites almost four times longer than 
wide. Wing as in male, differing in larger proportions and almost uninterrupted pigmentation on 
the three transverse bands. Halteres as in male.  Legs with femur pale yellow and dark brown 
coloration distally, tibia and tarsae uniformly dark brown in color: Tibial spurs light brown 2–2–
2, symmetrical. Abdomen as in male. Terminalia with posterior margin of sternite VIII slightly 
bilobate apically, emarginate medially, emargination with “V” shape; genital fork highly 
reduced, lateral arms reniform in shape, membranous medially with apex sclerotized, shape as in 
isosceles triangle; spermatheca numbering three; Spermathecal capsules not readily 
differentiated from ducts, cylindrical, rounded terminally; Spermathecal ducts annulated, 
extremely elongate, coiled, unpigmented, with strong sclerotization near opening. 
 DISTRIBUTION. See Map 37. Radinoderus solomonis (Alexander) is currently only 
recorded for one locality in the Solomon Islands.  
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TYPE MATERIAL.  Solomon Islands, Guadalcanal Island: Holotype f#: coll. J.A. 
Kusche, [approx. 9°28'4.15"S 160°01'24.66"E], 17–18. i.1921; the specimen is deposited in the 
USMN.   
 OTHER MATERIAL EXAMINED.  See Map 37.  Solomon Islands: Guadalcanal Island, 
Taahimboko, 0–100masl, 10.xi.1970, coll. N. Krauss [1m#]; Bouganville Island, xi.1944, coll. J. 
Lafoon [1f#]; Bouganville Island, 9.xi.1944, coll. J. Lafoon [1f#]. 
REMARKS. Holotype leg pigmentation is faint, giving a uniform light brown to pale 
yellow coloration on all segments; terminalia in poor condition (slide mounted). 
As noted above, the holotype currently is held in the USNM, which is contradictory to 
what is noted in the original description by Alexander (1924).  
 
 
Radinoderus supernumerarius Alexander, 1953   
 
Radinoderus supernumerarius Alexander, 1953: 48: 97.  
Radinoderus supernumerarius Alexander; Alexander, 1959: 54: 39 [regional treatment]. 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: flagellomeres 
numbering 19; wing with supernumerarius crossvein in cell r3; slightly acuminate distally, 
infuscate, with extensive brown patterning interrupted, four transverse bands of pigment 
possessing irregularly distributed cleat blotches; first band extending from h vein to posterior 
wing margin and slightly beyond proximal area of anal loop; second band extending from 
midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through r-m 
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and m-cu, with pale blotches, connecting to first band at cell bm and base of cu; third band 
touching C vein on both sides of wing, connecting with second band at cell sc and r1 at Sc1+Sc2 
fork level; fourth band with irregular pattern at wing apical area, connecting with third band at 
cells r3,r4, r5, m1 and m2. Halteres pale yellow at base, dark at apex. Legs light brown; femur with 
pale yellow proximally, light brown coloration distally; remainder segments light borwn. 
Female: Unknown.  
 
 DESCRIPTION.  See also Alexander (1953).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male:  Measurements (n = 1), total length 6.77 mm (abdominal segments VI–IX 
missing in specimen); head length 1.07 mm; head width 0.61 mm; clypeus length 0.32 mm; 
clypeus width 0.22 mm; palpus length 1.16 mm (palpomere length 0.09–0.18–0.44–0.23–0.22); 
wing length 8.45 mm (8.20–8.70); wing width 2.65 mm (2.60–2.70). Antenna with pedicel 
spherical, glabrous, with two concentric rows of setiform sensilla inserted distally; scape 
cylindrical, slightly larger than pedicel; flagellomeres numbering 19, more than two times longer 
than wide, cylindrical; f 1–18 each with over 20 trichoid sensilla throughout, shorter or subequal 
than length of flagellomere; f 19 with 4 trichoid sensilla inserted apically. Cervical sclerites more 
than three times longer than wide. Wing with supernumerarius crossvein in cell r3, slightly 
acuminate distally, infuscate, with extensive brown patterning interrupted, with four transverse 
bands of pigment possessing irregularly distributed cleat blotches; first band extending from h 
vein to posterior wing margin and slightly beyond proximal area of anal loop; second band 
extending from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, 
passing through r-m and m-cu, with pale blotches, connecting to first band at cell bm and base of 
cu; third band touching C vein on both sides of wing, connecting with second band at cell sc and 
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r1 at Sc1+Sc2 fork level; fourth band with irregular pattern at wing apical area, connecting with 
third band at cells r3,r4, r5, m1 and m2. Halteres pale yellow at base, dark at apex. Legs light 
brown; femur with pale yellow proximally, light brown coloration distally; remainder segments 
light borwn: Tibial spurs light brown ?–2–2, symmetrical. Abdomen: segment I less than half as 
long as next segment; tergites I–V dark brown, with pale blotch transversely on either side of 
median. Terminalia missing in specimen. Female: Unknown.  
 DISTRIBUTION. See Map 38.  Radinoderus supernumerarius Alexander is currently 
only known from New Guinea.  
TYPE MATERIAL.  Indonesia, Papua: Holotype m#: Iffar, lake Sentani, near Jayapura 
(Hollandia) [approx. 02°36'11.32"S 140°35'23.09"E], swept from foliage over stream, coll. L.E. 
Chessman, viii.1936. The specimen is deposited in two museums. British Museum of Natural 
History, London (BM) and the USNM (type number 8691). The latter possesses only the wing, 
and a leg. Only the USNM material was examined during the current study.  
OTHER MATERIAL EXAMINED.  See Map 38.  Papua New Guinea: Morobe 
Province, Nadzab, Markham, River valley [approx. 06°36'18.65"S 146°48'39.96"E], 5-17. 
v.1944, coll. K.V. Krombein, [1m#]. 
REMARKS. Wing infuscation very similar to R. mirabilis, differing only in that the 
blotches are significantly clearer. Type specimens and second specimen examined show 
difference in possession of supernumerary crossvein in cell r3, as noted by Alexander (1959).  
Radinoderus supernumerarius could possibly a synonym of R. mirabilis; however, additional 
material of both sexes should be examined before they are formally synonymized.  
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Radinoderus terrae-reginae (Alexander), 1924   
 
Tanyderus terrae-reginae Alexander, 1924: 12: 141.  
Tanyderus terrae-reginae Alexander Alexander, 1927: 189: 9 [regional treatment].  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Adult: Antenna dark brown in 
coloration; tarsal spurs present in mid-tarsomeres I and I. 
 
 DESCRIPTION.  See also Alexander (1924).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Adult:  Measurements (n = 1), wing length 18.24 mm; wing width 5.12 mm. Wing 
slightly acuminate distally, infuscate, with four transverse bands of pigment possessing 
irregularly distributed cleat blotches; first band extending from h vein to posterior wing margin 
and slightly beyond proximal area of anal loop; second band with “Y” shaped pattern, extending 
from midlength of Sc vein to posterior edge of C vein at distal end of anal lobe, passing through 
r-m and m-cu, connecting to first band at anterior margin of cell cu; third band touching C vein 
on both sides of wing, connecting with second band at cell r1 at Sc1+Sc2 fork level; fourth band 
with an  irregular pattern at wing apical area, with only two small clear blotches in cells r5 and 
m1, entire band connects with third band at cells r4, r5. Legs pale yellow, femur with dark brown 
coloration distally, tibia with dark coloration proximally, tarsae uniformly pale yellow in color: 
Tibial spurs light brown ?–2–?, symmetrical. Tarsal spurs present in mid-tarsomeres I and II 
(tarsal spurs length 0.11–0.09). 
 DISTRIBUTION. See Map 39. Radinoderus terrae-reginae (Alexander) is currently 
known only from Queensland.  
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TYPE MATERIAL.  Australia, South Queensland: Holotype sex unknown: Brisbane 
[approx. 27°33'23.12"S 153° 2'42.22"E], x.1910, coll. J.A.K. [possibly Kusche]. The specimen is 
deposited in two museums. National Museum, of Victoria, Melbourne (NMM) and the USNM 
(type number 2852). The latter possesses only the wing and middle leg. Only the USNM material 
was examined during the current study.  
 REMARKS. The holotype was described from a specimen missing the genitalia.  
 
 
Radinoderus toxopei Alexander, 1959   
 
Radinoderus toxopei Alexander, 1959: 54: 37.  
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle light- to dark 
brown; vestiture light brown; abdominal tergites dark brown, with pale reniform pattern 
transversely on either side of median; antenna with 23 flagellomeres; pedicel with four 
concentric rows of setiform sensilla inserted distally; wing more than 14 mm in length, with 
three confluent transverse bands of pigment in two “X” shaped pattern,  cervical sclerites more 
three times longer than wide. Female: Antenna with 21 flagellomeres. Terminalia with posterior 
margin of sternite VIII straight, with thorn-like projection medially; genital fork with lateral arms 
transversely elongated posteriorly, more than three times longer than wide, slightly sclerotized 
medially with “V”-shape; spermathecal ducts annulated, extremely elongate, coiled, strongly 
sclerotized proximal one third of the length, remainder slightly pigmented. 
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 DESCRIPTION.  See also Alexander (1959).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male:  Measurements (n = 1), total length 12.8 mm (Terminalia missing in 
specimen); head length 1.66 mm; head width 0.88 mm; clypeus length 0.58 mm; clypeus width 
0.30 mm; palpus length 1.76 mm (palpomere length 0.11–0.28–0.49–0.26–0.39); wing length 
14.88 mm; wing width 4.32 mm. Antenna with pedicel spherical, glabrous, with four concentric 
rows of setiform sensilla inserted distally; scape cylindrical, slightly larger than pedicel; 
flagellomeres numbering 23, more than two times longer than wide, cylindrical; f 1–22 each with 
over 20 trichoid sensilla throughout, shorter or subequal than length of flagellomere; f 23 with 4 
trichoid sensilla inserted apically. Cervical sclerites more than three times longer than wide. 
Wing slightly acuminate distally, infuscate, with four transverse bands of pigment in two “X” 
shaped pattern; first band extending from h vein to posterior wing margin and slightly beyond 
proximal area of anal loop; second band extending from midlength of Sc vein to posterior edge 
of C vein at distal end of anal lobe, passing through r-m and m-cu, with pale blotches; third band 
touching C vein on both sides of wing, connecting with second band at cell sc, r1 and r2 at 
Sc1+Sc2 fork level; fourth band with irregular pattern at wing apical area, connecting with third 
band at cells r4. Halteres pale yellow at base, dark at apex. Legs pale yellow; femur with dark 
brown coloration distally; tibia with dark brown coloration proximally; tarsae pale yellow: Tibial 
spurs dark yellow 1–2–2, symmetrical. Abdomen: segment I less than half as long as next 
segment; tergites I–VIII dark brown, with pale reniform pattern transversely on either side of 
median. Terminalia missing in specimen. Female:  Measurements (n = 1), total length 24.03 mm; 
head length 1.93 mm; head width 1.29 mm; clypeus length 0.75 mm; clypeus width 0.44 mm; 
palpus damaged in specimen (palpomere length 0.16–0.30–?–?–?); wing length 22.40 mm; wing 
width 5.92 mm. Antenna incomplete in specimen, with scape and pedicel as male; flagellomeres  
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cylindrical each more than two times longer than wide with over 20 trichoid sensilla throughout, 
shorter or subequal than length of flagellomere; numbering 21 based on original description. 
Cervical sclerites more than three times longer than wide. Wing as in male, differing in 
proportions. Halteres pale yellow, apex missing in specimen; dark apex based on original 
description. Legs as in male, differing in tibia pale yellow with dark coloration proximally and 
light brown distally: Tibial spurs light brown 2–2–2, symmetrical. Abdomen as in male. 
Terminalia with posterior margin of sternite VIII straight, with thorn-like projection medially; 
genital fork with lateral arms transversely elongated posteriorly, more than three times longer 
than wide, slightly sclerotized medially with “V”-shape; spermatheca numbering three; 
Spermathecal capsules not readily differentiated from ducts, cylindrical, rounded terminally; 
Spermathecal ducts annulated, extremely elongate, coiled, strongly sclerotized proximal one 
third of the length, remainder slightly pigmented. 
 DISTRIBUTION. See Map 40. Radinoderus toxopei Alexander is currently known from 
Papua New Guinea.  
TYPE MATERIAL.  Indonesia, Papua: Holotype m#: coll. L.J. Toxopeus, 21.x.1929; the 
specimen is reportedly deposited in the National Museum of Natural History in Leiden (RMNH). 
Type specimen not available for this study. 
 OTHER MATERIAL EXAMINED.  See Map 40.  Indonesia, Papua: Paratype m#: 
Araucaria Camp (Archbold Expedition), Snow Mountains, lake Habbema, [approx. 3°30'1.60"S 
139°11'0.22"E] 2800masl, 31.x.1938, coll. L.J. Toxopeus. Paratype f#: Araucaria Camp 
(Archbold Expedition), Snow Mountains, lake Habbema, [approx. 3°30'1.60"S 139°11'0.22"E] 
2800masl, 28.x.1938, coll. L.J. Toxopeus.  
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Fig. 9. Tanyderus pictus Philippi male habitus, dorsal view   
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Tanyderus Phillippi, 1865 
 
Tanyderus pictus Phillippi, 1865: pp. 780. Type species: Tanyderus pictus Phillippi, by original 
designation. 
 
Tanyderus pictus Phillippi, 1865 
 
Tanyderus pictus Phillippi, 1865: pp. 780.  
Tanyderus pictus Phillippi;  Alexander, 1927: 189: 8. [family treatment]. 
Tanyderus pictus  Phillippi;  Alexander, 1929: 1: 228 [species checklist]. 
Tanyderus pictus Phillippi ; Alexander & Alexander, 1967: 5.1 [species checklist]. 
Tanyderus pictus Phillippi; Lukashevich & Shcherbakov, 2014: 121 [larva description]. 
Tanyderus pictus  Phillippi; Lukashevich & Shcherbakov, 2016: 83 [pupa and adult 
morphology]. 
 
DIAGNOSIS. Egg: Unknown. Larva: cuticle translucent, varying from light grey to white in 
color; head orange to brown in color; mandible with four prominent teeth, middle tooth 
extending beyond all others; endocarina (glandular duct) present; quadrate basally, with 
incomplete transverse groove medially, anterior margin strongly emarginated, with two large 
teeth, anal segment with dorsal sclerotized plate. Pupa: Body elongate, cylindrical; head with 
tubercles, shorter than in Araucoderus, antennal sheath extending posteriorly to between wing 
margin and hindleg; respiratory organ tubular more than twice longer than wide, pores 
concentrated at apex; abdominal segment VIII with digitiform lobes inserted posterolaterally, 
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posterior to spiracle. Male: Cuticle light to dark brown; vestiture light brown; abdominal tergites 
dark brown, with elongate irregulat orange markings with dark brown and yellow color on either 
side of median; wing R2+3 arising after R5 fork, more than 12 mm in length; supernumerary 
cross-veins present in R4 and R5; antenna with 22–25 flagellomeres; wing with slight orange 
tinge; epandrium with setae alveoli apically; terminalia: PM DB moderately sclerotized; PM 
LME broadly fused with base of gonocoxite but not to PM GBL, stout at base and apex, rounded 
and dentated apically, covered with medium sized setae and smaller setae at apex; PM DME 
prominent, “I”-shaped, connection with PM DB is weakly sclerotized;  PM VP clearly present as 
a transverse sclerotized band, “V”-shaped in caudal view; PM GBL semi-circular in caudal view, 
set with prominent setiforn sensilla contiguous with base of gonocoxite; aedeagus trifurcated; 
phallotrema tightly grouped together, common phallotrema almost absent; ejaculatory apodeme 
long compared to other genera; vasa deferentia narrow, elongate and annulated. Female: sternites 
as in male; terminalia with cerci broadly ovate; genital fork strongly sclerotized, lateral arms 
wider than long, “”U”-shaped medially; spermathecal ducts extremely elongate, coiled and 
hyaline; spermathecal capsules not clearly differentiated from ducts.  
 
DESCRIPTION.  See also Colles (1962).  Egg: Unknown. Larva IV instar see also 
Lukashevich & Scherbakov (2014): Measurements (n = 8), total length 36.6 mm (33.6.40–
40.30), head width 1.70 mm (1.30–1.95), head length 1.93 mm (1.56–2.31). Head capsule ovate, 
uniformly sclerotized, with areas of stronger sclerotization on the anterior edges of frontoclypeal 
apotome, dorsoventrally compressed, rounded posteriorly, partially retracted into prothorax; 
stemmata and primordial eye not apparent; frontoclypeal apotome somewhat pentagonal in 
shape, enclosed by frontal sutures; coronal suture visible medially on posterior 1/3 of the head; 
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mesal endocarina ending medially on anterior clypeal margin; anterior clypeal margin without 
lobes; labrum shorter then medial endocarinal, narrower apically than other tanyderids, fleshy, 
somewhat dorsoventrally compressed; paraclypeal setae long and paired; labral sclerite with 
paired setiform sensilla separated; palatal brush without sensilla inserted dorsally; antenna 
inserted anterolaterally; base partially shrouded by epicondyle; two-segmented, basal segment 
more than three times the length of distal segment; apical segment retractile, with at least seven 
inconspicuous, two conspicuous sensilla basiconica inserted apically; mandibles well developed, 
symmetrical, pyramidal in shape, with four dentations apically; middle dentation projecting 
beyond others significantly; oral surface of mandible with well-developed prosthecal brush 
dorsally, two setiform sensilla ventrally, adoral surface with two sensilla basiconica, anterior 
condyle well developed; galea  digitiform with multiple sensilla basiconica throughout; lacinia 
elongate, covered with microtrichia adorally; palpus unsegmented, cylindrical, three times longer 
than wide, set with many sensilla basiconica apically, with apical sensilla globose to digitiform, 
arranged in whirls; cardo with three setiform sensilla, separated from stipes by cardostipital 
ridge; postmentum heavily sclerotized, quadrate basally, with incomplete transverse groove 
medially, anterior margin strongly emarginated, with two large teeth; postgenal bridge complete; 
labial palpi cylindrical, sclerotized, with multiple digitiform sensilla apically; glossae 
inconspicuous, conical; pharyngeal filter housed within pharynx,  well developed, supported by 
two narrow, sclerotized oral arms originating from hypopharynx. Thoracic segments equal in 
length, each bearing transverse; prothorax bearing pair of well-developed spiracles laterally; 
prothorax slightly longer than remainder thoracic segments, pro- and mesothorax with circular 
pad-like lobes dorsal and ventrally, each segment slightly differentiated by tenuous 
intersegmental constriction; metathorax with a small spiracle. Abdominal segments  with distinct 
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intersegmental constrictions; abdominal segments I–VII with small spiracles; segments I–V with 
conspicuous circular lobes dorsal and ventrally; segment VIII with one pair of posterior 
spiracles, one pair of elongate, annulated filaments extending well beyond anal division; 
filaments with evenly spaced simple setae posteriorly; anal division with a medial dorsal 
sclerotized plate, one pair of elongate,  annulated filaments dorsally and one pair of prolegs 
ventrally; prolegs each with elongate, annulated filament inserted dorsoapically, with two rows 
of retractile hooks apically, basal row with 10–12 hooks, apical row with 12–14 slightly longer 
hooks; anal papillae elongate tapering apically, twice the length of extended prolegs.  Pupa: see 
also Lukashevich & Scherbakov (2016). Male: Measurements (n = 1), total length 21.50 mm, 
respiratory organ 1.00 mm. Body elongate, cylindrical, with cephalothorax circumference 
slightly larger than abdomen; mouthparts and thoracic appendages fused to each other and to 
remainder of cephalothorax. Head with tubercles; dorsal apotome apically with single sensilla, 
apotome ventrally abutting anterior margin of face; cephalic sclerite with one seta, sclerite fused 
anterolaterally to orbital portion of head capsule; antenna extending posteriorly to between wing 
margin and hindleg; clypeal apotome with pair of sensilla inserted basally; mouthparts restricted 
to area anterior of forecoxae; apex of labrum truncate; mandible and maxilla sheaths present; 
palpus directed obliquely anterolaterally, with four palpifer dilated; labella divided medially; 
sensilla: setae arising from lobes; dorsal apotomals bilobed. Thorax: respiratory organ tubular 
more than seven times longer than wide, pores concentrated at apex; legs directed posteriorly, 
with tarsi extending posteriorly beyond wing apex, lying parallel to each other, nearly reaching 
end of abdominal segment VI; Mesonotum with three robust scutal setae; metanotum undivided 
medially, haltere extended posterolaterally before anterolateral margin of abdominal tergite 2, 
with basal setae numbering three. Abdomen: circular in cross-section; tergites I–VIII with setae 
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arranged in transverse rows on sclerotized bands bearing four small coniform tubercles; pleurites 
II–VII with setae arranged in one caudal longitudinal row of three setae and one seta inserted in 
medial tubercle, adjacent to spiracle; sternites I–VIII with one pair of setae inserted posteriorly;  
segment VIII with posterolateral fleshy lobes bearing two setae posteriorly to spiracle; Segment 
IX without setae, a pair of posterior dorsomedial fleshy lobes present; terminal process apically 
tapered and undivided, with external genitalic structures visible. Female: Measurements (n = 1), 
total length 30,40 mm, respiratory organ 1.60 mm; legs with tarsi extending nearly reaching end 
of abdominal segment V; in other details same as male. Male (Fig. 44):  Measurements (n = 2), 
head length 1.60 mm; head width 1.50mm; clypeus length 0.85; clypeus width 0.64mm; palpus 
length 1.78mm (palpomere length 0.20–0.37–0.57–0.37–0.31); wing length 28.10 mm total 
length 16.10 mm; head length 1.75 mm; head width 0.88 mm; palpus length 1.27 mm (segment 
length 0.07–0.25–0.47–0.24–0.24); clypeus length 0.44 mm; clypeus width 0.35 mm; wing 
length 12.95 mm; wing width 2.72 mm. Antenna pale yellow in color, with scape and pedicel 
brown, glabrous, each with two concentric rows of setiform sensilla inserted distally; scape 
cylindrical, more than twice as long as pedicel; pedicel spherical; flagellomeres numbering 22, 
more than two times longer than wide, cylindrical; f 1–21 each with 4–5 trichoid sensilla inserted 
near base, equal or longer than flagellomere; f 21 with 3 trichoid sensilla inserted apically. 
Cervical sclerites stour, not distinctly tapered. Wing acuminate distally, infuscate, with six 
transverse bands of pigment; 1st band extending from h vein to posterior wing margin and 
slightly beyond proximal area of anal loop; 2nd band extending from midlength of Sc vein to 
posterior edge of C vein at distal end of anal lobe, passing through r-m and m-cu; third band 
touching C vein on both sides of wing, connecting with second band where vein R2+3 arises; 
fourth band as an irregular blotch at Sc1+Sc2 fork level; fift band touching C at both ends of the 
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wind, crossing over supernumerary crossveins in cells R4 and r5 as well as m-m; sixth band with 
infuscation where c touches veins R3-R5, M1, connecting with fifth band on cell r4 and r5. 
Halteres pale yellow at base, dark at apex, bearing a digitiform protuberance at base. Legs with 
femur dark brown, pale yellow distally; tibia pale yellow widh dark brown ring proximally; other 
segments pale yellow: Tibial spurs dark brown 1–2–2, symmetrical. Abdomen: segment I one 
third as long as next segment; tergite I with broad orange coloration enteriorly, with dark brown 
band posteriorly, with pair of dark brown spots on either side of medianand an irregular dark 
blotch touching the dark posterior band at median, black blotches merged in some species; 
tergites II–VIII light to dark brown, with elongate irregular orange markins with dark brown and 
yellow color on either side of median. Terminalia with torsion of 180 degrees; epandrium convex 
in lateral view, with helmet-like appearance, lateral lobes closer together in comparison to other 
genera, with setae alveoli apically; gonocoxites tubular in shape, tapering slightly apically; 
gonostylus straight, with apical portion curved anteriorly: PM DB moderately sclerotized; PM 
LME broadly fused with base of gonocoxite but not to PM GBL, stour at base and apex, rounded 
and dentated apically, covered with medium sized setae and smaller setar at apex; PM DME 
prominent, “I”-shaped, connection with PM DB is weakly sclerotized;  PM VP clearly present as 
a transverse sclerotized band, “V”-shaped in caudal view; PM GBL semi-circular in caudal view, 
set with prominent setiforn sensilla contiguous with base of gonocoxite; aedeagus trifurcated; 
phallotrema tightly grouped together, common phallotrema slmost absent; jaculatory apodeme 
long compared to other genera; vasa deferentia narrow, elongate and anulated. Female (Fig. 45):  
Measurements (n = 3), total length 26.50mm (20.00–32.); head length 1.80 mm (1.70–1.90); 
head width 1.50mm (1.50–1.60); clypeus length 0.88; clypeus width 0.68mm; palpus length 
1.82mm (palpomere length 0.20–0.37–0.57–0.37–0.31); wing length 28.10 mm (17.60–28.40); 
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wing width 5.12 mm. Antenna with 25 flagellomeres, rest of head, thorax and abdomen as in 
male; Terminalia with cerci broadly ovate; genital fork strongly sclerotized, lateral arms wider 
than long, “”U”-shaped medially; spermathecal numbering three, ducts extremely elongate, 
coiled and hyaline; spermathecal capsules not clearly differentiated from ducts.  
 DISTRIBUTION.  Tanyderus pictus Philippi is currently known from northern Chilean 
Patagonia. 
TYPE MATERIAL.  Lost. Should be deposited in Museo Nacional de Historia Natural, 
Santiago, Chile (MNNC) 
 MATERIAL EXAMINED.  See Map 41.  Chile: bio Bio Region, Concepcion [approx. 
36°48'58.91"S 73° 2'36.33"W] no date given, coll. E. Reed. [1f#]in USNM; Los Lagos Region, 
Purranque, osorno provincia [approx. 40°54'32.92"S 73° 9'17.97"W], 1954, coll. E. Reed [im#],  
Bougainville, flying at edge of jungle, 2.iv.45; coll. F.N. Ratclifffe [1m#] in USNM; Los Lagos,  
Crk @ Road to Cayetue, 41°19'17.8"S 72°16'19.3"W, 299masl, 2.ii.2015 coll. R.I. Madriz [1m#, 
1f#]in ISIC. 
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Fig. 10 Xenoderus oreonympha (Alexander) female habitus, lateral view   
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Xenoderus Madriz, new genus 
 
DIAGNOSIS (based on X. oreonympha). Egg: Unknown. Larva: Unknown. Pupa: Unknown. 
Male: Cuticle with coloration, light grey with light- to dark brown; vestiture light brown and 
grey; abdominal tergites dark brown, with irregular, oblong pale markings on either side of 
median; wing more than 15 mm in length, infuscated, with pigment arranged in six transverse 
bands; supernumerary cross-veins present in cell bm only; male terminalia: rotated 90 degrees, 
involving segments 7–9; cerco-parameral sclerite pigmented, connecting with PM DB ventrally 
at anterior projections of PM DB and with base of cerci dorsally,  PM DB arched-shaped, with 
pair of projections anterolaterally; PM LME  elongate, acuminate with setiform sensilla near 
apex, bearing a small convex lobe at base with multiple setiform sensilla; PM DME “I-shaped”, 
articulated basally with PM DB, articulated apically with lateral ejaculatory processes of 
aedeagus; PM GBL broad, with several prominent setiform sensilla inserted subapically; 
ejaculatory apodeme laterally compressed, broad anteriorly, clavate at base; aedeagus trifurcate, 
with point of trifurcation symmetrical; common duct two thirds the length of trifid part, 
phallotrema flared significantly. Female: coloration, head, thorax, legs and wings as in male; 
genital fork transversely elongated posteriorly, more than four times longer than wide; 
spermatheca ovoid, with necks indistinguishable; spermathecal ducts uniformly sclerotized, 
annulated and unpigmented, more than twice as long as corpora, bulging near corpora. 
 
 ETYMOLOGY. From the Greek terms “stranger” (xonos) in reference to previous 
workers in the group noticing the type species did not belong to the original designated genus 
and “neck” (dere) in reference to the family name root. 
 TYPE SPECIES: Eutanyderus oreonympha Alexander, by present designation. 
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Xenoderus oreonympha (Alexander), 1938   
 
Eutanyderus oreonympha Alexander, 1938: 66: 221. [original description] 
Eutanyderus oreonympha Alexander; Colless, 1962: 87: 311 [note on wing characters] 
Xenoderus oreonympha (Alexander) Madriz, by present designation. 
 
DIAGNOSIS. Egg: Unknown. Larva: Unknown. Pupa: Unknown. Male: Cuticle with coloration, 
light grey with light- to dark brown; vestiture light brown and grey; abdominal tergites dark 
brown, with irregular, oblong pale markings on either side of median; wing more than 15 mm in 
length, infuscated, with pigment arranged in six transverse bands; supernumerary cross-veins 
present in cell bm only; male terminalia: rotated 90 degrees, involving segments 7–9; cerco-
parameral sclerite pigmented, connecting with PM DB ventrally at anterior projections of PM 
DB and with base of cerci dorsally,  PM DB arched-shaped, with pair of projections 
anterolaterally; PM LME  elongate, acuminate with setiform sensilla near apex, bearing a small 
convex lobe at base with multiple setiform sensilla; PM DME “I-shaped”, articulated basally 
with PM DB, articulated apically with lateral ejaculatory processes of aedeagus; PM GBL broad, 
with several prominent setiform sensilla inserted subapically; ejaculatory apodeme laterally 
compressed, broad anteriorly, clavate at base; aedeagus trifurcate, with point of trifurcation 
symmetrical; common duct two thirds the length of trifid part, phallotrema flared significantly. 
Female: coloration, head, thorax, legs and wings as in male; genital fork transversely elongated 
posteriorly, more than four times longer than wide; spermatheca ovoid, with necks 
indistinguishable; spermathecal ducts uniformly sclerotized, annulated and unpigmented, more 
than twice as long as corpora, bulging near corpora. 
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 DESCRIPTION.  See also Alexander (1938).  Egg: Unknown. Larva: Unknown. Pupa: 
Unknown. Male (Fig.46):  Measurements (n = 1), total length 14.40 mm; head length 1.58 mm; 
head width 1.03 mm; palpus length 1.56 mm (segment length 0.12–0.33–0.55–0.28–0.28); 
clypeus length 0.55 mm; clypeus width 0.35 mm; wing length 15.12 mm; wing width 3.40 mm.  
Head with antenna scape and pedicel glabrous, each with several setiform sensilla inserted 
distally; scape cylindrical, slightly larger than pedicel; pedicel spherical; flagellomeres 
numbering 15, all elongate, more than 2 times longer than wide, cylindrical; f 1 slightly longer 
than f 2; f 3–15 each with 4–5 trichoid sensilla inserted near base of flagellomere, arranged 
concentrically, as long or longer than flagellomere; f 1–15 each with several basiconic sensilla 
throughout; f 15 with 7 trichoid sensilla inserted apically. Cervical sclerites more than three 
times longer than wide. Wing (Figs. 29–30) held away from body at angle; infuscate, with six 
transverse bands of pigment; basal-most band extending from h vein to posterior wing margin 
and slightly beyond proximal area of anal loop; second band extending from midlength of Sc 
vein to posterior edge of C vein at distal end of anal lobe, passing through base of Rs and 
supernumerary cross vein in cell bm, third band extending from midlength of Sc vein to posterior 
edge of C vein at distal end of anal lobe, passing through r-m and m-cu; fort band present as a 
blotch in cell sc touching c and r1 at level of vein Sc terminus and Sc-r; fifth band band touching 
C vein on both sides of wing, appearing as a transverse band; apical most band uninterrupted, 
touching C vein at apices of R1–R5, with a separate blotch at M1. Halteres pale yellow at base, 
dark at apex. Legs dark brown, with yellow coloration; femur with yellow coloration on basal 
half, dark on distal half; tibia with both ends dark brown, with yellow coloration medially; rest of 
leg dark brown; Tibial spurs 1–2–2, symmetrical. Abdomen: segment I less than half as long as 
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next segment, causing abdomen to droop ventrally; tergites dark brown with large irregular 
oblong pale grey markings on either side of medial line. Terminalia with torsion of segments 7–9 
to 90 degrees; epandrium slightly wider than long, with setae alveoli distributed over entire 
surface; hypandrium band-like; cercus inconspicuous, unmodified, setose; proctiger recessed 
anteriorly, nested within epandrium; cerco-parameral sclerite pigmented, connecting with PM 
DB ventrally at anterior projections of dorsal bridge and with base of cerci dorsally; gonocoxites 
narrowly contiguous at base, divergent from each other at origin, each nearly cylindrical, 
tapering slightly toward apex; setiform sensilla or setae alveoli distributed over dorsal, ventral 
and lateral surface, absent mesally; gonostylus cylindrical, about 2/3 length of gonocoxite, 
slightly tapering at apex, curved medially, with prominent setae alveoli evenly distributed over 
surface, hirsute apically; PM DB arch-shaped, with a pair of small projections anterolaterally; 
PM LME  broadly interconnected with gonocoxite anteromesally, elongate, acuminate with 
setiform sensilla near apex, bearing a small convex lobe at base with multiple setiform sensilla; 
PM DME “I-shaped”, articulated basally with PM DME, articulated apically with lateral 
ejaculatory processes of aedeagus; PM GBL broad, with several prominent setiform sensilla 
inserted subapically, many smaller trichoid sensilla inserted on entire surface; ejaculatory 
apodeme extending anteriorly to abdominal segment 7 terminus, laterally compressed, broad 
anteriorly, clavate at base; sperm sac balloon-like, surrounded by aedeagus posteriorly, attached 
to ejaculatory apodeme anteriorly; aedeagus narrowed abruptly at base, trifurcated at midlength; 
point of trifurcation symmetrical; phallotrema flared significantly; testes pyriform, rounded 
anteriorly, differentiated from vasa deferentia only by width, shape; vasa deferentia, testes 
rugose in appearance; ejaculatory duct lightly sclerotized, entering sperm sac through ejaculatory 
apodeme foramen.  
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 Female (Fig. 46):  Measurements (n = 1), total length 19.98 mm; head length 1.72 mm; 
head width 1.21 mm; clypeus length 0.65 mm; clypeus width 0.53 mm; palpus length 1.99 mm 
(palpomere length average 0.22–0.37–0.61–0.39–0.40); wing length 16.32mm; wing width 3.96 
mm.   Head with eyes as in male; antenna with f 1 slightly twice more than twice as long as f 2, 
rest of antenna as in male. Wing as in male.  Terminalia with posterior margin of sternite VIII 
broadly bilobate, strongly emarginate medially, emargination with “square U” shape; genital fork 
transversely elongated posteriorly, more than four times longer than wide, membranous 
medially; spermatheca numbering three; corpora ovoid, with necks indistinguishable; 
spermathecal ducts annulated and uniformly sclerotized, more than twice as long as corpora, 
unpigmented, bulging near corpora.  
 DISTRIBUTION.  See Map 42. Xenoderus Madriz is restricted to New South Wales, 
Australia. All confirmed records lie within the Kosciuszko National Park, ranging in altitude 
from 1219 to 1524masl. 
TYPE MATERIAL. Australia. New South Wale: Holotype m#: Mount Kosciuszko, 
[approx. 36°27'18.19"S 148°15'56.15"E], 1524masl, 11.xii.1931, coll. Tonnoir; the specimen is 
deposited in USNM.  
 OTHER MATERIAL EXAMINED.  See Map 42.  Australia. New South Wales: Mount 
Kosciuszko, Sawpit Creek [approx. 36°20'23.00"S 148°32'32.03"E], 1219masl, 11.xii.1931, coll. 
unknown, [1f#]; the specimen is deposited in CNC.  
  
TAXONOMIC DISCUSSION. As discussed in chapter 6, the placement of E. oreonympha in 
Eutanyderus (Alexander 1938) is not supported by the results of our phylogenetic analysis. The 
head, wing shape and venation, body coloration and most importantly the structure of the male 
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genitalia of E. oreonympha differ markedly from that of E. wilsoni, the type species of 
Eutanyderus.  Eutanyderus oreonympha is therefore transferred from Eutanyderus to Xenoderus. 
 
Discussion 
As a result of this work, the number and composition of extant tanyderid genera has changed and 
the number of described extant species increased from 39 to 43.  These numbers are likely to 
continue changing.  Many of the discoveries reported here are the result of examining newly 
collected material; however, many others are due to the reexamination of types and other 
museum specimens.  Nonetheless, in general for Tanyderidae, there remains a scarcity of both 
specimens and published information.   
 Historically, descriptions of tanyderids have been superficial, often restricted to wing 
veination and coloration of adults.  Furthemore, a lack of information about the habitat, behavior, 
and life history of tanyderids has hampered our understanding of the family and presumably 
contributed to the scarcity of collection records.  For any group, it is impossible to develop 
hypotheses of taxonomy or resolve the phylogeny (morphological or molecular) without a clear 
understanding of the morphology and life history for at least some of its species.  
 This revision includes valuable new information on the morphology and natural history 
of some tanyderids, perhaps best exemplified by the redescription of Araucoderus gloriosus. 
However, it is equally important to point out the approach used here regarding descriptive 
terminology.  Except for chapters in the forthcoming Manual of Afrotropical Diptera, no detailed 
reference on the morphology of any tanyderid exists.  Attempts to apply conventions for 
morphological terminology to Tanyderidae were problematic.  It is clear that existing definitions 
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for some terms/characters are inadequate and, in many cases, novel terminology is necessary in 
order to clearly describe all pertinent characters (e.g. parameres).   
 In this study, a descriptive framework has been established in that necessary terminology 
accompanied by detailed illustrations are provided.  Comparisons can more easily be made not 
only across Tanyderidae, but also in closely related families such as Psychodidae.  It is also 
hopeful that the data and observations presented here will ultimately lead to additional 
collections and insights on the biology of these remarkable flies.  Moreover, the details provided 
herein will facilitate detailed evaluation of homologous characters for phylogenetic utility.  
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Timeline of relevant tanyderidae work (based mainly on extant species) 
 
1838.  Macquart described Nemopalpus flavus, latter placed within Psychodidae. 
1851.  Loew described the first tanyderid (Macrochile spectrum) and placed it in under 
Tipularia (Tipulidae). 
1858.  Doleschall described Cylindrotoma ornatissima (later assigned as Radinoderus 
ornatissimus) from Indonesia. 
1859.  Osten Sacken described Protoplasa fitchii from eastern U.S. and recognized Protoplasa 
as a tribe within the family Tipulidae.  
1865.  Philippi described Tanyderus pictus from Chile, establishing the genus Tanyderus, and 
considers the known tanyderid genera to belong to the family Tipulidae. 
1877.  Osten Sacken described Protoplasa vipio (later assigned as Protanyderus vipio) from 
California. 
1880.  Osten Sacken placed all known tanyderids into the Tanyderina under Tipulidae, 
describes Tanyderus forcipatus (latter assigned as Mischoderus forcipatus) from New 
Zealand and changed the genus Protoplasa into Idioplasta. 
1900.  Hutton described Tanyderus annuliferous (later assigned as Mischoderus annuliferous) 
1909.  Handlirsch removed tanyderids from tipulids and divided them into two different 
subfamilies (Tanyderina and Macrochilina) within Ptychopteridae on the basis of wing 
morphology. In addition, Protanyderus, Radinoderus and Mischoderus were raised as 
new genera and included in the Tanyderina. 
1912. Enderlein supported the placement of Tanyderina in Ptychopteridae. 
1913.  Alexander described Tanyderus patagonicus (later assigned as Neoderus patagonicus). 
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1915.  De Meijere described Radinoderus mirabilis.  
1918.  Alexander described Protanyderus vanduzeei from California and elevated the group to 
the rank of Family Tanyderidae. 
1920.  Alexander described Bruchomyinae (1920b)and Tanyderus gloriosus (the latter changed 
to Araucoderus gloriosus), from Chile. 
1920.  Riedel described Protanyderus beckeri from Turkestan. 
1921.  Alexander (1921) assigned the genus Peringueyomyina to include Peringueyomyina 
barnardi, the only African tanyderid. Riedel (1921) described Tanyderus oculatus (later 
changed to Radinoderus oculatus). 
1922.  Alexander described Tanyderus australiensis (later assigned as Nothoderus 
australiensis). 
1923.  Edwards described Mischoderus marginatus (1923a), Mischoderus neptunus and 
Mischoderus varipes (1923b). 
1924.  Alexander described Tanyderus solomonis (later assigned as Radinoderus solomonis) 
from the Solomon Islands and Tanyderus terrae-reginae (later assigned as Radinoderus 
terrae-reginae) from Australia. 
1925.  Alexander described Tanyderus occidentalis (later assigned as Radinoderus occidentalis) 
from Australia. 
1926.  Crampton removed the family from Tipuloidea and groups Tanyderidae, Psychodidae 
and Ptychopteridae in the superfamily Psychodoidea (1926a,b) and examined the fossil 
Macrochile spectrum in detail.  
1927.  Alexander reviewed the world fauna of Tanyderidae and includes the new genera 
Neoderus from Chile and Nothoderus from Tasmania. 
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1928.  Alexander described the genus Eutanyderus to include Eutanyderus wilsoni from 
Australia and elevated all the previously designated sub genera to the level of genus. 
1929.  Alexander described the genus Araucoderus from Chile. 
1929.  Crampton recorded the only known tanyderid swarm. 
1930.  Alexander (1930) and Crampton (1930b) recorded the first tanyderid larvae and pupa 
(Protoplasa fitchii). Alexander (1930) described Radinoderus dorrigensis from 
Australia. 
1930.  Crampton (1930a) suggested adult morphology to be more “conservative” and thus better 
evidence for homologies in comparison to larval structures, for larval stages are very 
plastic and profoundly modified in adaptation to their own specific environmental 
conditions.  
1932.  Alexander described Protanyderus esakii from Japan.  
1935.  Kariya described Protanyderus alexanderi from Japan. 
1938.  Alexander described Eutanyderus oreonympha from Australia (1938a) and 
Protanyderus yankovskyi from North Korea (1938b). 
1946.  Alexander described Radinoderus holwai from the Solomon Islands and Radinoderus 
pictipes from Indonesia. 
1948.  Alexander described Protanyderus margarita from USA. 
1953.  Alexander described Radinoderus supernumerarius from Indonesia. 
1959.  Alexander described Protanyderus schmidi from India (1959b) and Radinoderus toxopei 
from Indonesia (1959a). 
1960.  Alexander described Protanyderus sikkimensis and Protanyderus venustipes from India. 
1962.  Colless described Radinoderus ochroceratus from Papua New Guinea. 
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1963.  Rose described a larva from California, presumed to be of P. vipio. 
1963.  Knight described larva of P. margarita from Colorado. 
1964.  Knight described pupa of P. margarita from Colorado. 
1967.  Downes & Colless infer tanyderids evolved from biting and blood-sucking ancestor 
based on their mouthparts. 
1971.  Savchenko described Protanyderus stackelbergi from Mongolia. 
1973.  Hennig recognized the superfamily Ptychopteroidea (Ptychopteridae + Tanyderidae) in 
the infraorder Psychodomorpha based primarily on adult characters but acknowledged the 
potential value of immature stages in such phylogenetic relationships. 
1974.  Savchenko described Protanyderus riedeli from Russia. 
1974.  Rohdendorf placed tanyderids in the infraorder Tipulomorpha based on wing characters. 
1976.  Exner & Craig described in detail the larval morphology of Protanyderus through 
Scanning Electron Microscopy techniques. 
1988.  Anthon compared tanyderid larval morphology outside the family. 
1989.  Wood and Borkent elevated the superfamily Ptychopteroidea to the rank of infraorder 
(Ptychopteromorpha), which included tanyderids as sister group to Ptychopteridae.  
1992.  Krzeminski proposed the suborder Diarhineura (Tanyderidae + Psychodidae) based on 
wing venation. 
1993.  Hynes described Radinoderus caledoniana from New Caledonia. 
1994.  Ansorge described the fossil genus Nannotanyderus. 
1995.  Oosterbroek and Courtney confirmed monophyly of Ptychopteromorpha, leaving the 
Culicomorpha as its sister group. 
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2008.  Bertone et al., based largely on molecular data, placed Tanyderidae in the infraorder 
Psychodomorpha. 
2011.  Wiegmann et al. supported Psychodomorpha. 
2012.  Borkent & Sinclair examine the male genital tract of P. fitchii. Curler & Moulton provide 
molecular evidence close relation of P. fitchii to Psychodidae. Wipfler et al. perform the 
first u-CT-based 3D reconstruction of the larval head morphology of Protanyderus 
2013.  Podeniene & Gelhaus described a P. stackelbergi larva from the Palaearctic region. 
2013.  Lambkin et al. removed tanyderids and blepharicerids from Psychodomorpha and placed 
them unassigned as sister taxa of Bibionomorpha + Brachycera.  
2014.  Lukasevich & Scherbakov described the first neotropical larva of T. pictus. 
2016.  Lukasevich, E.D. & Scherbakov provide morphological description of pupae of T. 
pictus. 
2016.  Madriz & Courtney redescribe A. gloriosus and provide description of all mayor life 
stages, including the first egg description for the family. 
2016.  Madriz re-discovers N. patagonicus from Southern Chile 
2016.  Skibińska proposes a new subfamily Nannotanyderinae based on fossil evidence and 
nests within the extant P. barnardi. 
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FIGS. 11–22. Wings of Tanyderidae.  11–12. Araucoderus gloriosus. 13–14. Eutanyderus 
wilsoni. 15–16. Mischoderus annuliferus. 17–18. Neoderus sp. 19–20. Nothoderus australiensis. 
21–22. Peringueyomyina barnardi. 
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FIGS. 23–30. Wings of Tanyderidae.  23–24. Protoplasa vipio. 25–26. Radinoderus solomonis. 
27–28. Tanyderus pictus. 29–30. Xenoderus oreonympha. 
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FIG. 31. Araucoderus gloriosus male genitalia.  a. Lateral view. b. Dorsal view. c. Caudal 
view. d. Ventral view. Abbreviations: aed = aedeagus; cerc = cercus; ej apod = ejaculatory 
apodeme; epand = epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe 
at gonocoxite base; pm lme = lateromedial element of paramere. Scale baar = 0.1mm. 
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FIG. 32.  Araucoderus gloriosus female. a. Terminalia ventral view. b. Terminalia lateral view 
Scale bars = 1.00 mm. Abbreviations: acc gl = accessory gland; cerc = cercus; gen fk = genital 
fork; spmth = spermatheca. Scale bar = 1.00mm. 
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FIG. 33. Eutanyderus wilsoni male and female genitalia.  a. Male dorsal view. b. male lateral  
view. c. Female ventral view showing spermathecae. Abbreviations: aed = aedeagus; cerc = 
cercus; ej apod = ejaculatory apodeme; epand = epandrium; gen fk = genital fork; goncx = 
gonocoxite; gonst = gonostylus; spmth = spermatheca.
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FIG. 34. Mischoderus male genitalia dorsal view. a. M. annuliferus. b. M. forcipatus. c. M. 
varipes.  Abbreviations: epand = epandrium; goncx = gonocoxite; gonst = gonostylus. 
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FIG. 35. Neoderus chonos male genitalia. a. Dorsal view. b. Ventral view. c. Lateral view. 
Abbreviations: aed = aedeagus; cerc = cercus; ej apod = ejaculatory apodeme; epand = 
epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at gonocoxite base; 
pm lme = lateromedial element of paramere.
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FIG. 36. Neoderus chonos female genitalia. a. Ventral view. b. Lateral view. Abbreviations: 
acc gl = accessory gland; cerc = cercus; gen fk = genital fork; spmth = spermatheca. 
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FIG. 37. Peringueyomyina barnardi male genitalia. a. Lateral view. b. Dorsal view. c. Caudal 
view. d. gonostilus lateral view. Abbreviations: aed = aedeagus; cerc = cercus; epand = 
epandrium; goncx = gonocoxite; gonst = gonostylus; pm dme = dorsomedial element of 
paramere; pm lme = lateromedial element of paramere. 
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FIG. 38. Peringueyomyina barnardi female genitalia. a. Ventral view. b. Ventral view showing 
spermatheca. c. Spermatheca ventral view. d–e. Lateral view. Abbreviations: cerc = cercus; 
spmth = spermatheca. Scale bar = 0.1mm. 
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FIG. 39. Protoplasa alexanderi female genitalia. a. Lateral view showing spermatheca. b. 
Ventral view showing spermatheca. Abbreviations: cerc = cercus; gen fk = genital fork; spmth = 
spermatheca. 
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FIG. 40. Protoplasa fitchii sp1 male genitalia. a. Lateral view. b. Dorsal. c. Caudal view. d. 
Ventral view. Abbreviations; aed = aedeagus; cerc = cercus; ej apod = ejaculatory apodeme; 
epand = epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at 
gonocoxite base; pm lme = lateromedial element of paramere. 
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FIG. 41. Protoplasa fitchii sp2 male genitalia. a. Lateral view. b. Dorsal. c. Caudal view. d. 
Ventral view. Abbreviations; aed = aedeagus; cerc = cercus; ej apod = ejaculatory apodeme; 
epand = epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at 
gonocoxite base; pm lme = lateromedial element of paramere. 
270 
 
 
 
FIG. 42. Protoplasa fitchii sp3 male genitalia. a. Lateral view. b. Dorsal. c. Caudal view. d. 
Ventral view. Abbreviations: aed = aedeagus; cerc = cercus; ej apod = ejaculatory apodeme; 
epand = epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = paramere lobe at 
gonocoxite base; pm lme = lateromedial element of paramere. 
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FIG. 43. Radinoderus solomonis genitalia. a. Male lateral view. b. Female ventral view. 
Abbreviations: acc gl = accessory gland; aed = aedeagus; cerc = cercus; ej apod = ejaculatory 
apodeme; epand = epandrium; gen fk = genital fork; goncx = gonocoxite; gonst = gonostylus; pm 
gbl = paramere lobe at gonocoxite base; pm lme = lateromedial element of paramere; spmth = 
spermatheca.  
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FIG. 44. Tanyderus pictus male genitalia. a. Lateral view. b. Dorsal view. c. Caudal view. d. 
Ventral view. Abbreviations: acc gl = accessory gland; aed = aedeagus; cerc = cercus; ej apod = 
ejaculatory apodeme; epand = epandrium; gen fk = genital fork; goncx = gonocoxite; gonst = 
gonostylus; pm gbl = paramere lobe at gonocoxite base; pm lme = lateromedial element of 
paramere; spmth = spermatheca.  
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FIG. 45. Tanyderus pictus female genitalia. a. Ventral view. b. Ventral view of spermathecae. 
c. Lateral view. Abbreviations: cerc = cercus; gen fk = genital fork; spmth = spermatheca. 
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FIG. 46. Xenoderus oreonympha genitalia. a. Male lateral view. b. Male dorsal view. c. Female 
ventral view. d. Female lateral view. Abbreviations: aed = aedeagus; cerc = cercus; ej apod = 
ejaculatory apodeme; epand = epandrium; goncx = gonocoxite; gonst = gonostylus; pm gbl = 
paramere lobe at gonocoxite base; pm lme = lateromedial element of paramere; spmth = 
spermatheca. 
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MAP. 1. Distribution of Araucoderus gloriosus (Alexander) (black circle). 
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MAP. 2. Distribution of Eutanyderus wilsoni Alexander (black circle). 
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MAP. 3. Distribution of Mischoderus annuliferus (Hutton) (black circle). 
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MAP. 4. Distribution of Mischoderus forcipatus (Osten Sacken) (black circle). 
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MAP. 5. Distribution of Mischoderus marginatus (Edwards) (black circle). 
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MAP. 6. Distribution of Mischoderus neptunus (Edwards) (black circle). 
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MAP. 7. Distribution of Mischoderus varipes (Edwards) (black circle). 
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MAP. 8. Distribution of Neoderus chonos Madriz (black circle). 
283 
 
 
MAP. 9. Distribution of Neoderus patagonicus (Alexander) (black circle). 
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MAP. 10. Distribution of Nothoderus australiansis (Alexander). Holotype label collected in “Southern 
Tasmania” 
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MAP. 11. Distribution of Peringueyomyina barnardi Alexander (black circle). 
286 
 
 
MAP. 12. Distribution of Protoplasa alexanderi (Kariya) (black circle). 
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MAP. 13. Distribution of Protoplasa beckeri (Riedel) (black circle). 
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MAP. 14. Distribution of Protoplasa esakii (Alexander) (black circle). 
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MAP. 15. Distribution of Protoplasa fitchii Sp1 (black circle).
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MAP. 16. Distribution of Protoplasa fitchii Sp2  (black circle). 
291 
 
 
MAP. 17. Distribution of Protoplasa fitchii Sp3  (black circle). 
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MAP. 18. Distribution of Protoplasa fitchii Sp4  (black circle). 
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MAP. 19. Distribution of Protoplasa margarita  (Alexander) (black circle). 
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MAP. 20. Distribution of Protoplasa riedeli (Savchenko) (black circle). 
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MAP. 21. Distribution of Protoplasa schmidi (Alexander) (black circle). 
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MAP. 22. Distribution of Protoplasa sikkimensis (Alexander) (black circle). 
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MAP. 23. Distribution of Protoplasa stackelbergi (Savchenko) (black circle). 
 
298 
 
 
MAP. 24. Distribution of Protoplasa vanduzeei Alexander (black circle). 
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MAP. 25. Distribution of Protoplasa venustipes (Alexander) (black circle). 
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MAP. 26. Distribution of Protoplasa vipio Osten Sacken. Adult (black circle), larva (black star). 
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MAP. 27. Distribution of Protoplasa yankovskyi (Alexander) (black circle). 
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MAP. 28. Distribution of Radinoderus caledoniana Hynes (black circle). 
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MAP. 29. Distribution of Radinoderus dorrigensis Alexander (black circle). 
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MAP. 30. Distribution of Radinoderus holwai Alexander (black circle). 
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MAP. 31. Distribution of Radinoderus mirabilis (De Meijere) (black circle). 
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MAP. 32. Distribution of Radinoderus occidentalis (Alexander) (black circle). 
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MAP. 33. Distribution of Radinoderus ochroceratus Colless (black circle). 
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MAP. 34. Distribution of Radinoderus oculatus (Riedel) (black circle). 
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MAP. 35. Distribution of Radinoderus ornatissimus (Doleschall) (black circle). 
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MAP. 36. Distribution of Radinoderus pictipes Alexander (black circle). 
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MAP. 37. Distribution of Radinoderus solomoniss (Alexander) (black circle). 
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MAP. 38. Distribution of Radinoderus supernumerarius Alexander (black circle). 
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MAP. 39. Distribution of Radinoderus terrae-reginae (Alexander) (black circle). 
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MAP. 40. Distribution of Radinoderus toxopei Alexander (black circle). 
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MAP. 41. Distribution of Tanyderus pictus Philippi (black circle). 
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MAP. 42. Distribution of Xenoderus oreonympha (Alexander) (black circle). 
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Table 1. Abbreviations for collections and institutions referred to in the text. 
 
Abbreviation    Institution or Collection 
ANIC Australian National Insect Collection, Australian Capital Territory, Australia. 
ANSP  Academy of Natural Sciences, Philadelphia, Pennsylvania, USA. 
BME Bohart Museum of Entomology, Davis, CA, USA 
CNC  Canadian National Collection, Ottawa, Ontario, Canada. 
ISIC  Iowa State University Insect Collection, Ames, IA, USA. 
MEM Mississippi Entomological Museum, Starkville, MS, USA 
NMM National Museum of Victoria, Melbourne, Vic, Australia 
NMSA  KwaZulu-Natal Museum of South Africa, Pietermaritzburg, South Africa. 
NZAC New Zealand Arthropod Collection, Landcare Research, Auckland, NZ. 
SAMC Iziko Museum of South Africa, Cape Town, South Africa. 
UMMZ University of Michigan Museum of Zoology, Ann Arbor, MI, USA. 
USNM  National Museum of Natural History, Washington DC, USA. 
 
Table 2. Leg segment measurements for adult males and females of Araucoderus gloriosus  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.15 (5.59–6.70) 7.30 (6.10–8.50) 7.95 (7.00–8.90) 
 tibia  8.55 (8.00–9.10) 8.58 (7.70–9.85) 10.10 (9.10–11.50) 
 tibial spur  0.31 (0.28–0.35) 0.32 (0.30–0.35) 0.34 (0.31–0.39) 
 tarsus 1 8.40 (7.80–9.00) 6.60 (5.40–7.30) 6.62 (5.50–7.85) 
  2 2.58 (2.20–2.95) 2.37 (1.80–2.85) 2.36 (1.90–2.88) 
  3 1.05 (1.00–1.10)  1.61 (0.97–2.60) 1.27 (1.09–1.40)  
  4 0.53 0.68 (0.57–0.80) 0.60 (0.57–0.66) 
  5 0.655 (0.58–0.73) 0.68 (0.58–0.80) 0.58 (0.53–0.63) 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.90 (6.00–7.80) 7.73 (6.70–9.28) 8.32 (6.90–9.75) 
 tibia  9.23 (8.20–10.00) 8.92 (7.70–9.60) 10.59 (9.2–11.52) 
 tibial spur  0.39 (0.33–0.48) 0.34 (0.28–0.42) 0.38 (0.35–0.42) 
 tarsus 1 7.00 (6.30–7.40) 5.60 (5.20–5.80) 5.73 (5.10–6.20) 
  2 2.01 (1.00–2.60) 2.10 (1.92–2.25) 2.19 (2.08–2.30) 
  3 1.26 (1.11–1.41)  1.25 (1.16–1.35) 1.25 (1.13–1.47)  
  4 0.65 (0.53–0.72) 0.65 (0.55–0.73) 0.68 (0.60–0.77) 
  5 0.70 (0.61–0.78) 0.67 (0.61–0.72) 0.70 (0.65–0.81) 
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Table 3. Leg segment measurements for adult males and females of Eutanyderus wilsoni  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   4.80 4.91 5.04 
 tibia  6.10 5.23 6.01 
 tibial spur  0.23 0.23 0.23 
 tarsus 1 3.90 3.12 3.30 
  2 1.70 1.94 1.72 
  3 0.90  0.90 0.90    
  4   ? 0.31 0.36  
  5   ? 0.31 0.34  
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.15 (3.75–4.80) 5.40 4.58 (3.95–5.20) 
 tibia  5.43 (5.15–5.70) 5.10 5.73 (5.25–6.20) 
 tibial spur  0.35 (0.22–0.26) 0.24 0.24 (0.22–0.26) 
 tarsus 1 2.76 (2.50–3.00) 2.30 2.52 (2.30–2.70) 
  2 1.56 (1.16–1.96) 1.20 1.28 (1.15–1.40) 
  3 0.72 (0.60–0.80)  0.80 0.78 (0.65–0.90)  
  4 0.41 (0.35–0.50) 0.50 0.38 (0.35–0.40) 
  5 0.41 (0.35–0.50) 0.50 0.38 (0.35–0.40) 
 
Table 4. Leg segment measurements for adult males and females of Mischoderus annuliferus  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.15 (5.59–6.70) 7.30 (6.10–8.50) 7.95 (7.00–8.90) 
 tibia  8.55 (8.00–9.10) 8.58 (7.70–9.85) 10.10 (9.10–11.50) 
 tibial spur  0.31 (0.28–0.35) 0.32 (0.30–0.35) 0.34 (0.31–0.39) 
 tarsus 1 8.40 (7.80–9.00) 6.60 (5.40–7.30) 6.62 (5.50–7.85) 
  2 2.58 (2.20–2.95) 2.37 (1.80–2.85) 2.36 (1.90–2.88) 
  3 1.05 (1.00–1.10)  1.61 (0.97–2.60) 1.27 (1.09–1.40)  
  4 0.53 0.68 (0.57–0.80) 0.60 (0.57–0.66) 
  5 0.655 (0.58–0.73) 0.68 (0.58–0.80) 0.58 (0.53–0.63) 
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Table 4. (continued) 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.90 (6.00–7.80) 7.73 (6.70–9.28) 8.32 (6.90–9.75) 
 tibia  9.23 (8.20–10.00) 8.92 (7.70–9.60) 10.59 (9.2–11.52) 
 tibial spur  0.39 (0.33–0.48) 0.34 (0.28–0.42) 0.38 (0.35–0.42) 
 tarsus 1 7.00 (6.30–7.40) 5.60 (5.20–5.80) 5.73 (5.10–6.20) 
  2 2.01 (1.00–2.60) 2.10 (1.92–2.25) 2.19 (2.08–2.30) 
  3 1.26 (1.11–1.41)  1.25 (1.16–1.35) 1.25 (1.13–1.47)  
  4 0.65 (0.53–0.72) 0.65 (0.55–0.73) 0.68 (0.60–0.77) 
  5 0.70 (0.61–0.78) 0.67 (0.61–0.72) 0.70 (0.65–0.81) 
 
Table 5. Leg segment measurements for adult male and female of Mischoderus forcipatus 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.50 8.50 8.20 
 tibia  9.90 9.00 11.20 
 tibial spur  0.22 0.22  0.22 
 tarsus 1 7.0 4.30 5.30 
  2 2.00 1.20 1.90 
  3 1.20   1.00 1.10    
  4 0.50   ?  0.50 
  5 0.50   ?  0.50 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   4.50 4.90 4.00 
 tibia  4.20 4.30 4.00 
 tibial spur  0.31 0.31 0.35 
 tarsus 1 2.90 2.00 1.10 
  2 1.00 0.90 0.70 
  3 0.60   0.60 5.00    
  4 0.40 0.40 0.30 
  5 0.40 0.40 0.30 
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Table 6. Leg segment measurements for adult males and females of Mischoderus varipes 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg (missing) 
 femur   5.70  5.90  7.10 
 tibia  6.80  5.70  9.10 
 tibial spur  0.22  0.22  ? 
 tarsus 1 4.40  2.80  ? 
  2 1.5  1.10  ? 
  3  0.65   0.70  ?   
  4  0.40 0.40  ? 
  5  0.40  0.40  ? 
   
Adult female (fore leg present in one specimen only) 
 Leg-segment lengths: foreleg  midleg hindleg    
 femur   6.70  7.79  7.25  
 tibia  6.95 8.10  9.25  
 tibial spur  0.24 0.32  0.29  
 tarsus 1 2.20 3.80  3.35  
  2 1.00  2.10  1.45  
  3 0.70 1.16  1.00  
  4 0.40 0.62  0.50 
  5 0.40 0.61  0.50 
 
Table 7. Leg segment measurements for adult female of Neoderus patagonicus  
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.00  6.30 6.30 
 tibia  6.90  6.20    ? 
 tibial spur  0.35  0.33    ?  
 tarsus 1 5.00    ?     ? 
  2 1.80    ?      ? 
  3    ?     ?     ?    
  4    ?    ?     ?    
  5    ?    ?     ?  
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Table 8. Leg segment measurements for adult male and females of Neoderus chonos 
 
Adult male 
Leg-segment lengths: foreleg midleg hindleg 
 femur   5.11  5.81 7.09 
 tibia  6.50  5.98 8.95 
 tibial spur     -  0.34  0.36  
 tarsus 1 4.52 3.30 4.39 
  2 1.12 1.16 1.62 
  3 0.82  0.70 1.00    
  4 0.40  0.45 0.52 
  5 0.40  0.45 0.52 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   5.26 (5.20–5.30) 5.96 (5.90–6.00) 7.24 (7.20–7.29) 
 tibia  6.66 (6.60–6.70) 6.10 (6.00–6.03) 9.05 (9.00–9.08) 
 tibial spur  0.31 (0.30–0.31) 0.34 (0.33–0.34) 0.36 (0.35–0.36) 
 tarsus 1 4.68 (4.60–4.72) 3.42 (3.40–3.49) 4.53 (4.50–4.58) 
  2 1.22 (1.20–1.25) 1.33 (1.30–1.37) 1.75 (1.70–1.78) 
  3 0.91 (0.90–0.93)  0.82 (0.80–0.83) 1.12 (1.10–1.15)  
  4 0.50  0.56 (0.55–0.56) 0.61 (0.60–0.63) 
  5 0.50  0.56 (0.55–0.56) 0.61 (0.60–0.63) 
 
Table 9. Leg segment measurements for adult male of Peringueyomyina barnardi  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   4.50 4.50 5.00 
 tibia  5.90 5.40 6.20 
 tibial spur  0.18 0.18 0.18 
 tarsus 1 2.75 2.25 2.50 
  2 1.20 1.05 1.00 
  3 0.80  0.70 0.55    
  4 0.45 0.40 0.33 
  5 0.30 0.30 0.26 
322 
 
Table 10. Leg segment measurements for adult females of Protoplasa alexanderi  
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.05    ?  3.90 
 tibia  4.50    ?  5.50 
 tibial spur  0.26    ?  0.16 
 tarsus 1 3.05    ?  2.75 
  2 1.10    ?  1.10 
  3 0.50     ?  0.60    
  4 0.30    ?  0.30  
  5 0.30    ?  0.30  
 
Table 11. Leg segment measurements for adult male of Protoplasa beckeri  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.05    ?  4.70 
 tibia     ?    ?     ? 
 tibial spur     ?    ?     ? 
 tarsus 1    ?    ?     ? 
  2    ?    ?     ? 
  3    ?     ?     ?    
  4    ?    ?     ?  
  5    ?    ?     ?  
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Table 12. Leg segment measurements for adult males and females of Protoplasa esakii  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.40 (2.52–2.55) 2.90 (2.87–2.92) 4.40 (4.37–3.45) 
 tibia  6.00 (5.54–6.05) 3.90 (3.88–3.92) 5.70 (5.50–5.90) 
 tibial spur  0.14  0.14 - 
 tarsus 1 4.66 (4.54–4.70) 1.90 (1.88–1.92) 3.70 (3.62–3.83) 
  2 1.40 (1.36–1.43) 0.75 (0.72–0.78) 1.30 (1.23–1.36) 
  3 0.90 (0.83–0.95) 0.72 (0.70–0.75) 0.70 (0.64–0.75) 
  4 0.24 0.24 0.24  
  5 0.24 0.24 0.24   
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.30 (3.23–3.36) 3.50 (3.43–3.58) 3.90 (3.89–3.91) 
 tibia  4.00 (3.98–4.02) 3.90 (3.88–3.92) 5.50 (5.58–5.52) 
 tibial spur  0.14  0.14 - 
 tarsus 1 2.40 (2.39–2.41) 1.90 (1.88–1.92) 2.00 (1.99–2.02) 
  2 0.90 (0.88–0.93) 0.75 (0.72–0.78) 0.80 (0.78–0.82) 
  3 0.50 (0.47–0.53) 0.72 (0.70–0.75) 0.45 (0.44–0.47) 
  4 0.24 0.24 0.24  
  5 0.24 0.24 0.24   
 
Table 13. Leg segment measurements for adult males and females of Protoplasa fitchii sp1  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.50 (3.46–3.58) 3.80 (3.77–3.86) 3.90 (3.84–3.93) 
 tibia  4.80 (4.74–4.84) 4.50 (4.43–4.56) 5.50 (5.47–5.55) 
 tibial spur  0.18  0.18 0.16 
 tarsus 1 3.10 (3.05–3.12) 2.60 (2.55–2.64) 2.75 (2.73–2.79) 
  2 1.10 (1.06–1.12) 1.00 (0.97–1.03) 1.10 (1.08–1.12) 
  3 0.65 (0.63–0.66) 0.60 (0.57–0.63) 0.60 (0.57–0.62)  
  4 0.30 (0.29–0.31) 0.28 (0.29–0.31) 0.30 (0.29–0.31)  
  5 0.25 (0.29–0.31) 0.28  0.30  
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Table 13. (continued) 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.05    ?  3.90 
 tibia  4.50    ?  5.50 
 tibial spur  0.18    ?  0.16 
 tarsus 1 3.12    ?  2.75 
  2 1.10    ?  1.10 
  3 0.50     ?  0.60    
  4 0.30    ?  0.30  
  5 0.30    ?  0.30  
 
Table 14. Leg segment measurements for adult males and females of Protoplasa fitchii sp2  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   2.50 (2.52–2.55) 2.90 (2.87–2.92) 3.00 (2.98–3.05) 
 tibia  3.50 (3.47–3.52) 3.10 (3.08–3.12) 4.00 (3.97–4.02) 
 tibial spur  0.14  0.14 0.14 
 tarsus 1 2.40 (2.39–2.41) 1.90 (1.88–1.92) 2.00 (1.99–2.02) 
  2 0.90 (0.88–0.93) 0.75 (0.72–0.78) 0.80 (0.78–0.82) 
  3 0.50 (0.47–0.53) 0.72 (0.70–0.75) 0.45 (0.44–0.47) 
  4 0.22 0.22 0.20  
  5 0.22 0.22 0.20  
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.00 (2.98–3.02) 3.20 (3.19–3.21) 3.90 (3.89–3.91) 
 tibia  4.00 (3.98–4.02) 3.90 (3.88–3.92) 5.50 (5.58–5.52) 
 tibial spur  0.18 0.18 0.16 
 tarsus 1 2.50 (2.48–2.52) 2.20 (2.18–2.22) 2.75 (2.74–2.76) 
  2 0.80 (0.79–0.81) 1.40 (1.38–1.42) 1.10 (1.08–1.12) 
  3 0.50 (0.49–0.51) 0.45 (0.44–0.46)  0.60 (0.58–0.62)  
  4 0.30 0.30 0.30  
  5 0.30 0.30 0.30  
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Table 15. Leg segment measurements for adult males and females of Protoplasa fitchii sp3 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.20 3.60 4.10 
 tibia  4.40 4.10 5.10 
 tibial spur  0.14  0.14 0.14 
 tarsus 1 3.10 2.50 2.80 
  2 1.10 1.10 1.10 
  3 0.60 0.50 0.50 
  4 0.25 0.25 0.25  
  5 0.20 0.20 0.20  
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.00 (2.98–3.02) 3.20 (3.19–3.21) 3.90 (3.89–3.91) 
 tibia  4.00 (3.98–4.02) 3.90 (3.88–3.92) 5.50 (5.58–5.52) 
 tibial spur  0.18 0.18 0.16 
 tarsus 1 2.50 (2.48–2.52) 2.20 (2.18–2.22) 2.75 (2.74–2.76) 
  2 0.80 (0.79–0.81) 1.40 (1.38–1.42) 1.10 (1.08–1.12) 
  3 0.50 (0.49–0.51) 0.45 (0.44–0.46)  0.60 (0.58–0.62)  
  4 0.30 0.30 0.30  
  5 0.30 0.30 0.30  
 
Table 16. Leg segment measurements for adult males and females of Protoplasa fitchii sp4  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   2.50 (2.52–2.55) 2.90 (2.87–2.92) 3.00 (2.98–3.05) 
 tibia  3.50 (3.47–3.52) 3.10 (3.08–3.12) 4.00 (3.97–4.02) 
 tibial spur  0.14  0.14 0.14 
 tarsus 1 2.40 (2.39–2.41) 1.90 (1.88–1.92) 2.00 (1.99–2.02) 
  2 0.90 (0.88–0.93) 0.75 (0.72–0.78) 0.80 (0.78–0.82) 
  3 0.50 (0.47–0.53) 0.72 (0.70–0.75) 0.45 (0.44–0.47) 
  4 0.22 0.22 0.20  
  5 0.22 0.22 0.20   
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Table 16. (continued) 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   3.00 (2.98–3.02) 3.20 (3.19–3.21) 3.90 (3.89–3.91) 
 tibia  4.00 (3.98–4.02) 3.90 (3.88–3.92) 5.50 (5.58–5.52) 
 tibial spur  0.18 0.18 0.16 
 tarsus 1 2.50 (2.48–2.52) 2.20 (2.18–2.22) 2.75 (2.74–2.76) 
  2 0.80 (0.79–0.81) 1.40 (1.38–1.42) 1.10 (1.08–1.12) 
  3 0.50 (0.49–0.51) 0.45 (0.44–0.46)  0.60 (0.58–0.62)  
  4 0.30 0.30 0.30  
  5 0.30 0.30 0.30  
 
Table 17. Leg segment measurements for adult males and females of Protoplasa margarita  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   2.90 (2.84–2.92)    ?  3.20 (3.16–3.25) 
 tibia  4.00 (3.97–4.03)    ?  4.20 (4.18–4.27) 
 tibial spur  0.16     ?  0.16 
 tarsus 1 2.90 (2.85–2.96)    ?  2.60 (2.54–2.62) 
  2 0.90 (0.88–0.93)    ?  0.90 (0.88–0.92) 
  3 0.50 (0.47–0.53)    ?  0.50 (0.47–0.52) 
  4 0.35    ?  0.35  
  5 0.35    ?  0.35   
 
Adult female 
Leg-segment lengths: foreleg midleg hindleg 
 femur   2.91 (2.85–2.94) 3.60 (3.54–3.68) 3.22 (3.17–3.24) 
 tibia  4.03 (3.98–4.05) 4.00 (3.96–4.07) 4.22 (4.20–4.25) 
 tibial spur  0.16   0.16 0.16 
 tarsus 1 2.90 (2.85–2.96) 2.20 (2.16–2.25) 2.60 (2.54–2.62) 
  2 0.90 (0.88–0.93) 0.70 (0.67–0.73) 0.90 (0.88–0.92) 
  3 0.52 (0.48–0.54) 0.50 (0.47–0.53) 0.51 (0.48–0.52) 
  4 0.32 0.32 0.32  
  5 0.32 0.32 0.32   
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Table 18. Leg segment measurements for adult male and female of Protoplasa schmidi 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   2.70 3.10 3.20 
 tibia  4.10 4.10 4.70 
 tibial spur  0.16 0.16  0.16 
 tarsus 1 2.60 2.40 2.40 
  2 0.90 0.90 0.90 
  3 0.50   0.50 0.50    
  4 0.30 0.30 0.30 
  5 0.20 0.20 0.20 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur      ?    ?  3.300 
 tibia     ?    ?  4.80 
 tibial spur     ?    ?  0.35 
 tarsus 1    ?    ?  2.20 
  2    ?    ?  0.80 
  3    ?    ?  0.50    
  4    ?    ?  0.30 
  5    ?    ?  0.20 
 
Table 19. Leg segment measurements for adult male of Protoplasa vanduzeei 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   2.90 3.00 3.30 
 tibia  3.40 3.60 4.20 
 tibial spur  0.12 0.12  0.12 
 tarsus 1 2.00 2.00 2.20 
  2 0.06 0.06 0.07 
  3 0.04   0.04 0.04    
  4 0.03 0.03 0.03 
  5 0.03 0.03 0.03 
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Table 20. Leg segment measurements for adult male and female of Protoplasa vipio 
Adult male 
 Leg-segment lengths: undetermined leg 
 femur   4.50  
 tibia  5.60  
 tibial spur  0.38  
 tarsus 1 3.50  
  2 1.60  
  3 1.00         
  4 0.60  
  5 0.60  
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   4.103    ?  4.20 
 tibia  5.70    ?  5.90 
 tibial spur  0.38    ?  0.38 
 tarsus 1 3.94    ?  4.05 
  2 2.30    ?  2.70 
  3 1.12      ?  1.00    
  4 0.70    ?  0.70 
  5 0.70    ?  0.70 
 
Table 21. Leg segment measurements for adult male and female of Protoplasa yankovskyi 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.10 6.50 6.70 
 tibia  9.00 7.00 8.50 
 tibial spur  0.35 0.35  0.35 
 tarsus 1 4.00 3.50 3.60 
  2 1.50 1.40 1.30 
  3 0.08   0.08 0.08    
  4 0.50 0.50 0.50 
  5 0.50 0.50 0.50 
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Table 21. (Continued) 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur      ? 6,80 7.00 
 tibia     ? 7.00 7.70 
 tibial spur     ? 0.31 0.35 
 tarsus 1    ? 3.50 3.30 
  2    ? 1.60    ? 
  3    ?   0.80    ?    
  4    ? 0.50    ? 
  5    ? 0.50    ? 
 
Table 22. Leg segment measurements for adult male and female of Radinoderus dorrigensis 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.50 8.50 8.20 
 tibia  9.90 9.00 11.20 
 tibial spur  0.22 0.22  0.22 
 tarsus 1 7.00 4.30 5.30 
  2 2.00 1.20 1.90 
  3 1.20   1.00 1.10    
  4 0.50   ?  0.50 
  5 0.50   ?  0.50 
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   8.50 9.60 9.60 
 tibia  10.20 9.70 12.80 
 tibial spur  0.31 0.31 0.35 
 tarsus 1 7.10 4.30 5.28 
  2 2.00 1.60 1.90 
  3 1.20   1.00 1.20    
  4 0.60 0.60 0.70 
  5 0.60 0.60 0.70 
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Table 23. Leg segment measurements for adult females of Radinoderus holwayi 
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   9.80 9.70 11.52 
 tibia  12.80 9.50 16.64 
 tibial spur  0.31 0.30  0.37 
 tarsus 1 8.90 3.10 4.40 
  2 2.60 1.10 1.80 
  3 1.50   0.90 1.30    
  4 0.70  0.60 0.80 
  5 0.70  0.70 0.70 
 
Table 24. Leg segment measurements for adult females of Radinoderus mirabilis 
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.7 8.05 (7.60–8.50) 8.25 (8.00–8.50) 
 tibia  9.60 7.45 (7.10–7.80) 10.59 (9.50–11.52) 
 tibial spur  0.35 0.26  0.23 (0.24–0.22) 
 tarsus 1 6.30 3.00 (2.90–3.10) 3.45 (3.30–3.60) 
  2 2.00 1.15 (1.10–1.20) 1.28 (1.30–1.25) 
  3 1.30  1.25 (0.70–0.80) 0.95 (1.00–0.90)  
  4 0.60 0.45 0.55 (0.60–0.50) 
  5 0.40 0.45 0.53 (0.55–0.50) 
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Table 25. Leg segment measurements for adult male of Radinoderus ochroceratus 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.70 7.50 7.50 
 tibia  10.00 9.10 12.48 
 tibial spur  0.26  0.26 0.24 
 tarsus 1 7.60   ?  4.40 
  2 2.20   ?  1.70  
  3 1.15    ?  1.00     
  4 0.35   ?  0.40  
  5   ?   ?  0.50 
  
Table 26. Leg segment measurements for adult male of Radinoderus pictipes 
 
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.00 7.10 7.20 
 tibia  9.20 7.00 10.00 
 tibial spur  0.31  0.26 0.35 
 tarsus 1 6.20 2.10 3.00 
  2 2.10  1.10 1.50  
  3 1.20   0.80 1.10     
  4 0.60  0.60 0.60  
  5 0.60  0.60 0.60 
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Table 27. Leg segment measurements for adult males and females of Radinoderus solomonis 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg (missing) 
 femur   5.70  5.90  ? 
 tibia  6.80  5.70  ? 
 tibial spur  0.22  0.22  ? 
 tarsus 1 4.40  2.80  ? 
  2 1.5  1.10  ? 
  3   ?   0.70  ?   
  4   ? 0.40  ? 
  5   ?  0.40  ? 
   
Adult female (fore leg present in one specimen only) 
 Leg-segment lengths: foreleg  midleg hindleg    
 femur   6.70  7.79 (6.50–9.28) 7.25 (7.20–7.30) 
 tibia  6.95 8.10 (6.60–9.60) 9.25 (8.50–10.00) 
 tibial spur  0.24 0.32 (0.22–0.42) 0.29 (0.30–0.28) 
 tarsus 1 2.20 3.80 (3.10–4.50) 3.35 (3.20–3.50) 
  2 1.00  2.10 (1.90–2.25) 1.45 (1.40–1.50) 
  3 0.70 1.16 (0.90–1.35) 1.00  
  4 0.40 0.62 (0.50–0.73) 0.50 
  5 0.40 0.61 (0.50–0.72) 0.50 
 
Table 28. Leg segment measurements for adult male of Radinoderus supernumerarius 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur     ? 5.20 5.20 
 tibia    ? 5.60 6.80 
 tibial spur    ? 0.16  0.16 
 tarsus 1   ? 2.80 2.70 
  2   ? 1.00 1.10 
  3   ?  0.60 080    
  4   ? 0.30 0.30 
  5   ? 0.30 0.30 
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Table 29. Leg segment measurements for adult male of Radinoderus terrae-reginae 
 
Adult male 
 Leg-segment lengths: foreleg midleg  hindleg 
 femur     ?    ?   10.00 
 tibia    ?    ?   9.60 
 tibial spur    ?    ?   0.23 
 tarsus 1   ?    ?   4.30 
  2   ?    ?     1.40 
  3   ?     ?    0.90   
  4   ?   ?    0.60 
  5   ?    ?    0.60 
 
Table 30. Leg segment measurements for adult males and females of Radinoderus toxopei 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg (missing) 
 femur   7.70  9.00  8.60 
 tibia  9.90  9.00  11.52 
 tibial spur  0.26    ?     ? 
 tarsus 1 8.60    ?     ? 
  2 3.0    ?       ? 
  3   ?     ?     ?   
  4   ?   ?     ? 
  5   ?    ?     ? 
   
Adult female  
 Leg-segment lengths: foreleg  midleg hindleg    
 femur   10.72  9.28 10.89 
 tibia  10.89 12.00 13.75 
 tibial spur  0.20 0.20  0.22 
 tarsus 1 6.08 9.60 5.75 
  2 2.40  3.04 2.45 
  3 1.45 1.60 1.60  
  4 0.80 0.80 0.80 
  5 0.80 0.80 0.80 
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Table 31. Leg segment measurements for adult male of Tanyderus pictus 
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   11.5  12.00 12.50 
 tibia  11.65  12.2 12.48 
 tibial spur  0.31  0.31 0.31 
 tarsus 1 7.60  7.65 4.40 
  2 3.20   3.25 1.70  
  3 2.20     2.24 2.32     
  4 1.12 1.13 1.16  
  5 0.80 0.80 0.80 
   
Table 32. Leg segment measurements for adult males and females of Xenoderus oreonympha  
 
Adult male 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   6.10 6.40 5.04 
 tibia  8.40 7.20 6.01 
 tibial spur  0.48 0.53 0.23 
 tarsus 1 6.60 5.30 3.30 
  2 2.12 1.94 1.72 
  3 1.26  1.21 0.90    
  4 0.70 0.70 0.36  
  5 0.56 0.60 0.34  
   
Adult female 
 Leg-segment lengths: foreleg midleg hindleg 
 femur   7.50 8.00 8.30 
 tibia  8.85 8.04 9.56 
 tibial spur  0.51 0.65 0.68 
 tarsus 1 5.40 5.50 4.50 
  2 1.70 1.78 1.90 
  3 1.10     ?  1.25    
  4 0.72    ?  0.73  
  5 0.65    ?  0.66  
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Introduction 
 Tanyderidae Osten Sacken, 1880 is putatively a relict family of lower Diptera.  The 
extant fauna is currently composed of 10 genera and 38 described species and a fossil fauna 
currently including seven genera and 27 species (Eskov & Lukasevich 2015; Skibińska 2016) 
with the earliest fossil species records from the lower Jurassic (Ansorge 1994; Skibińska et al. 
2014). Many fossil and few extant Tanyderidae are recorded from the northern hemisphere; 
however, most described extant species are known from the southern hemisphere, exhibiting a 
Gondwanan distribution or a largely disjunct distribution in the Oriental and Australasian regions 
(Eskov & Lukashevich 2015; Madriz unpublished observation).    
 Adult tanyderids are rarely collected, cryptic and believed to be short lived. Larval 
tanyderids are aquatic, mostly known to occur in streams with cobble, gravel and sand substrates  
(Alexander 1930; Crampton 1930; Knight 1963; Rose 1963; Exner & Craig 1976; Anthon 1988; 
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Wipfler et al. 2012; Podeniene & Gelhaus 2013; Madriz & Courtney 2016), though some species 
are known to bore in saturated wood found along stream margins  (Colles & McAlpine 1970, 
1991; Krzremiński & Judd 1997; Lukashevich & Shchervankov 2014, 2016; Madriz unpublished 
observation).    
Macrochile Loew, 1851, from Baltic amber, was the first described genus of 
Tanyderidae, followed by the extant Protoplasa Osten Sacken, 1859 and Tanyderus Phillippi, 
1868. Osten Sacken (1880) included these groups in Tanyderina in recognition of their 
distinction from Tipulidae. Handlirsch (1909) proposed genera Mischoderus, Protanyderus and 
Radinoderus to accommodate new species and elevated Tanyderina to subfamily rank, placing it 
within Ptychopteridae on the basis of wing morphology.  
Tanyderidae was later treated as a family by Alexander (1918) who then divided it into 
two subfamilies: Bruchomyiinae and Tanyderinae (Alexander 1920); however, the former 
subfamily would eventually be transferred to Psychodidae (Alexander 1965). Subsequently, 
Peringueyomyina Alexander, 1921; Neoderus Alexander, 1927; Nothoderus Alexander, 1927; 
Eutanyderus Alexander, 1928 and Araucoderus Alexander, 1929 were proposed to accommodate 
various South American and Australasian species.  
Alexander (1927) attempted to classify the world fauna. This treatment was limited in 
that only 20 of the current 38 described species were known, mainly from superficial 
descriptions of adult characters and lacking definitive larval associations. Moreover, the family 
diagnosis at that time was based largely on plesiomorphic characters. As a result, this treatment 
inadvertently included a number of taxa belonging to other families including Psychodidae 
(Bruchomyiinae) and Axymyiidae (incorrect larval association).  More recently, Skibińska 
(2016) proposed Nannotanyderinae as a new subfamily based on morphological evidence and 
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comprised mainly of fossil taxa, with Peringueyomyina barnardi Alexander, 1921 included as 
the only extant species.   
Tanyderids have long been regarded as “primitive”, yet this is based primarily on 
interpretations of wing venation (Alexander 1930; Crampton 1930; Williams 1933; Rohdendorf 
1974: 44; Exner & Craig 1976; Colless & McAlpine 1991: 742). Despite considerable interest in 
the group from a phylogenetic and biogeographical standpoint, few specimens are available for 
study and information regarding the morphology and natural history of this family has remained 
fragmentary. Consequently, few attempts have been made to place Tanyderidae in a phylogenetic 
context or study relationships within the family.  
Results of previous morphological phylogenetic analyses that included Tanyderidae have 
indicated it as the sister group of Ptychopteridae (Hennig 1973: 55; Wood & Borkent 1989: 
1342; Oosterbroek & Courtney 1995), while Lambkin et al. (2013) hypothesized a sister group 
relationship between Tanyderidae and Blephariceridae. In contrast, analyses based on molecular 
data consistently recovered a sister-group relationship between Blephariceridae and Tanyderidae 
+ Psychodidae (Bertone et al. 2008; Wiegmann et al. 2011).  To date, no study has examined 
relationships within Tanyderidae   
This study is aimed at improving our understanding of phylogenetic relationships within 
Tanyderidae. A phylogenetic analysis of tanyderid genera is conducted to include 24 exemplar 
species representing 9 of the 10 currently described extant genera. The taxonomic limits of and 
relationships among tanyderid genera are evaluated based on morphological character data. 
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Material and Methods 
Taxon sampling.  This study was based on examination of some freshly collected 
material as well as type and other specimens borrowed from various institutions.  All included 
taxa and their repositories are listed in Table 4. A majority of extant genera and species of 
Tanyderidae were included as ingroup taxa; however, it was only possible to include species if 
specimens were available for examination because morphological information in the literature is 
extremely limited.  Outgroup taxa were selected based on the results of recent phylogenetic 
analyses which indicated a close relationship between Tanyderidae and Psychodidae as well as 
Blephariceridae.  All species of Psychodidae included here were chosen because they exhibit a 
wide range of character states found in both Psychodidae and Tanyderidae, yet it is possible to 
identify structures (mainly of the male genitalia) homologous with those in Tanyderidae.   
Characters used.  Characters examined for this analysis were mostly pertaining to the 
adult male; however, some female and larval characters were also included.  Characters were 
selected after close comparison with main clades in Psychodidae, Tanyderidae and 
Blephariceridae. All character states were coded for each species and compiled in a matrix 
(Table 2) using Mesquite 3.04 (Maddison &Maddison 2011).   
Phylogenetic analyses. Parsimony analyses were performed using TNT 1.1 (Goloboff et 
al. 2008) and PAUP* 4.0 (Swofford 2002). A heuristic search was run with 10,000 replicates, 
saving 100 trees per replicate. MaxTrees limit was set to 50,000 trees. Tree Bisection 
Reconnection (TBR) branch swapping was used for the search and branches were collapsed 
when the maximum length was zero. Characters were treated as unordered.  Bootstrap 
(Felsenstein 1985) values were calculated using TNT and PAUP*. Bootstrap values were 
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calculated using the same parameters as in the heuristic search. Strong support is reffered to 
bootstrap values over 90% confidence.  
 
Results 
 Phylogenetic analyses resulted in four nearly identical most parsimonious trees with 148 
steps. Two of these trees are presented as cladograms in Figures 1–3. Analyses were run with 
and without non-tanyderid outgroups.  When outgroups were omitted, bootstrap support for 
groupings within Tanyderidae increased. Peringueyomyina barnardi was placed consistently as a 
sister taxon to the rest of Tanyderidae with strong support (BS 100), three major clades were 
consistently recovered with low support: Eutanyderus + Mischoderus (BS 53), Tanyderus + 
Radinoderus (BS 24), Eutanyderus + Araucoderus (BS 10), while the clade comprised by 
Neoderus + (Protanyderus + Protoplasa) was recovered with strong support (BS 91). Within 
these clades three groups were recovered with strong support: Radinoderus (BS 92) and 
Mischoderus (BS 95) and Protanyderus + Protoplasa (BS 99), with Protoplasa nesting 
consistently inside Protanyderus.  
 
Discussion 
 Support for genus groups. Except for Eutanyderus, all genera of Tanyderidae that are 
not currently monotypic were recovered as monophyletic with high bootstrap support (BS).  This 
includes Mischoderus (BS 95), Radinoderus (BS 92) and Protanyderus (BS 99).  However, it 
should be noted that this result only occurred when the analysis was run without outgroups.  If 
outgroups were included, the BS for Protanyderus dropped to 61.  The latter result will be 
discussed in greater detail below. 
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 In addition to their unique wing venation, Mischoderus species are clearly related based 
mainly on a robust synapomorphy in the male genitalia: the reduction or complete absence of a 
PM LME.  Radinoderus species are grouped based on similarities in wing shape and venation as 
well as similarities in the internal female genitalia and the males of multiple species having 
genitalia with conspicuous, inflated PM GBL.    
 Possibly the most easily distinguishable genus, or at least the one with the greatest 
number of clear synapomorphies is Protanyderus.  In the results of this analysis, Protoplasa 
fitchii is nested within Protanyderus.  Indeed, characters of the wing and male and female 
genitalia clearly indicate that there is essentially no distinction between these genera.  Characters 
of the male genitalia that support this grouping include the following: fused hypandrium and 
gonopods forming a bulbous structure on the morphologically ventral part of the genitalia; 
gonostyli bifurcated; PM DME Y-shaped, fused basally with PM DB; PM LME with hooked 
apices having one or more branches; PM GBL dorsoventrally compressed; and posterolateral 
lobes of epandrium triangular, not elongate.  When the analysis was run with outgroups, support 
for this group decreased dramatically.  This could be due to the way some characters, including 
bifurcate gonostyli, hypandrium fused with gonopods and shape of epandrial lobes were 
interpreted and coded for some Psychodidae.  Generally speaking, these character states occur in 
some psychodids; however, their specific structure differs from that in Protanyderus/Protoplasa.     
 Eutanyderus is indicated by the results of this study to be a polyphyletic group.  This is 
not surprising, as the male genitalia of E. wilsoni and E. oreonympha differ greatly and to a 
lesser extent, the wing venation differs as well.  In the male of E. wilsoni, the aedeagus has only 
one phallotrema, probably due to fusion of branches, while the membrane surrounding the 
aedeagus is partially sclerotized.  Furthermore, the parameres are setose, but without any 
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remarkable branches or sculpturing.  Lastly, the epandrium in this species is set with two 
conspicuous clusters of setae along the posterior margin.  In E. oreonympha, there are three 
phallotrema, the parameres are unique for having sickle-shaped branches on the PM LME and 
the epandrium is lacking setae on the posterior margin.  For both species, these characters could 
be interpreted as autapomorphies at the species level, but regardless of this, there are no other 
characters in the male genitalia or otherwise that provide evidence for a genus-level relationship 
between the two.  In other genera where the male of more than one species was examined, there 
seems to be consistency in at least the general shape of genitalia characters.       
 Relationships among tanyderid genera.  Overall, it is premature to draw any significant 
conclusions regarding genus-level relationships within Tanyderidae because most of the genera 
are monotypic.  Radinoderus and Tanyderus appear similar, both among the largest species of 
tanyderids, nearly holoptic, with proportionally more elongated cervix, legs, wings and abdomen 
than in other tanyderids; however, it is not clear if the similarity in body plan is due to 
synapomorphy or symplesiomorphy. The internal female genitalia in these two groups is also 
similar, with elongate, coiled ducts and no differentiated corpora, but this could also be a 
symplesiomorphy because a similar condition is also found in Psychodidae (Horaiella) and some 
Mecoptera (Boreidae).  Other groupings recovered are less clear with lower support and could be 
the result of superficial similarities.  For example, the grouping of Neoderus with Protanyderus 
only receives strong BS support if outgroups are excluded from the analysis.  In general, the two 
genera appear superficially similar, with shorter abdomens and wings compared to other 
tanyderids, but it remains unclear whether these are synapomorphies.  
 Fossil taxa and subfamily classification.  Specimens of fossil tanyderids were not 
available for examination during this study and therefore were not included in the analysis.  
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Nonetheless, understanding the fossil fauna is important for understanding relationships within 
Tanyderidae, especially at the subfamily level. Many fossil taxa have character states more 
similar to those found in some Psychodidae (e.g. Horaiella) than to those in most extant 
Tanyderidae.  The most striking of these character states are elongate, cylindrical flagellomeres 
and elongate gonopods bearing rows of spiniform setae.  Regarding the elongate gonopods, in 
the absence of fossil data, this character state appears to be an autapomorphy for 
Peringueyomyina barnardi; however, it is also found in fossil tanyderid genera such as 
Nannotanyderus, Dacochile and Coramus.  
 As noted above, Skibińska (2016) recently proposed the subfamily Nannotanyderinae to 
include the fossil genera Nannotanyderus, Dacochile and Coramus as well as the extant P. 
barnardi.  This grouping was based on the presence of elongate gonopods in the male, and 
absence of coloration on the wing membrane.  In the present analysis, Peringueyomyina 
barnardi was found to be sister group to all other extant tanyderids, providing further support for 
Nannotanyderinae, although the taxon sampling here was not adequate for evaluating subfamily 
relationships.  Nonetheless, it is necessary to characterize this group in more detail, particularly 
for the male genitalia, in order to understand how it is separated from other Tanyderidae as well 
as Psychodidae.  
 Implications of phylogenetic results on current classification of Tanyderidae.  Only 
two significant changes to the classification of Tanyderidae are warranted based on the results of 
this phylogenetic analysis.  The nesting of Protoplasa within Protanyderus and strong support 
for this grouping clearly indicates that the two genera are synonyms.  Protoplasa was published 
earlier (Osten Sacken 1859) than Protanyderus (Handlirsch 1909) and therefore has priority.  In 
contrast, the lack of evidence to support grouping Eutanyderus wilsoni and E. oreonympha in the 
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same genus indicates that the group should be split.  Since E. wilsoni is the type species of 
Eutanyderus, it is necessary to place E. oreonympha in a separate, yet to be named genus.   
 Direction of future phylogenetic research.  Maybe the greatest challenge in the process 
of further resolving the phylogeny of Tanyderidae is to obtain specimens of as many life stages 
as possible for all described species.  For some this has been done (Araucoderus gloriosus), and 
others it may no longer be possible (e.g. Protanyderus vanduzeei, described from northern 
California).  Larval tanyderids appear to be unique at the genus level, and presumably would 
provide another rich source of phylogenetically informative characters.  Unfortunately, 
Protoplasa (including Protanyderus) is the only genus in which the larvae are known for more 
than one species.  It is also important to include in the analysis as many fossil taxa as possible; in 
particular, it is necessary to evaluate completely, characters of the male genitalia (e.g. shape of 
aedeagus and parameres), which were found here to be phylogenetically informative for the 
extant fauna. Moreover, it is necessary to determine whether genera such as Araucoderus, 
Tanyderus and Peringueyomyina are actually monotypic.  This involves sampling over a broader 
geographic range and possibly at different times during the year.  The discovery of additional 
species of these genera should help with determining which character states are synapomorphies 
versus autapomorphies at the genus level.  
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Fig. 1. Tanyderidae and outgroups. Strict consensus tree of four equally parsimonious trees 
found in the phylogenetic analysis. Bremer support above, bootstrsp values below.
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Fig. 2. Tanyderidae only. Strict consensus tree of four equally parsimonious trees found in the 
phylogenetic analysis. Bremer support above, bootstrsp values below.
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Fig. 3. All taxa. Strict consensus tree of four equally parsimonious trees with phylogenetic 
characters mapped. Uniquely derived synapomorphies are with an asterisk 
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Table 1. Abbreviations for collections and institutions referred to in the text. 
 
Abbreviation    Institution or Collection 
ANIC Australian National Insect Collection, Australian Capital Territory, Australia. 
ANSP  Academy of Natural Sciences, Philadelphia, Pennsylvania, USA. 
CNC  Canadian National Collection, Ottawa, Ontario, Canada. 
ISIC  Iowa State University Insect Collection, Ames, IA, USA. 
NMSA  KwaZulu-Natal Museum of South Africa, Pietermaritzburg, South Africa. 
NZAC New Zealand Arthropod Collection, Landcare Research, Auckland, NZ. 
SAMC Iziko Museum of South Africa, Cape Town, South Africa. 
UMMC University of Michigan Museum of Zoology, Ann Arbor, MI, USA. 
USNM  National Museum of Natural History, Washington DC, USA. 
  
3
5
2
 
Table 2. Matrix of characters and alternate states used in cladistic analysis (0, 1, 2, 3 = character states; ? = character state unknown). 
Taxon 1 2 3 4 5 6 7 8 9 
1
0 
 1
1 
1
2 
1
3 
1
4 
1
5 
1
6 
1
7 
1
8 
1
9 
2
0 
 2
1 
2
2 
2
3 
2
4 
2
5 
2
6 
2
7 
2
8 
2
9 
3
0 
 3
1 
3
2 
3
3 
3
4 
3
5 
3
6 
3
7 
3
8 
3
9 
4
0 
Araucoderus gloriosus 0 2 0
9 
0 0 1 2 0 1 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 0 0 0 1 0 3 1 0 2 
Eutanyderus oreonympha ? 
 
? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 0 0 0 ? 0 3 1 0 2 
Eutanyderus wilsoni ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 0 0 0 1
1 
0 3 1 3 1 
Mischoderus annuliferus 0 2 0 0 0 2 2 0 1 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 1 0 0 1 0 3 1 0 0 
Mischoderus forcipatus ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 1 0 0 0 3 1 0 0 
Mischoderus varipes ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 1 0 0 0 0 3 1 0 0 
Neoderus patagonicus ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 1 0 0 0 0 0 0 1  1 0 0 1 1 0 3 1 3 1 
Peringueyomyina barnardi 0 2 0 0 0 0 2 0 1 1  1 0 0 0 0 1 0 0 1 1  0 0 1 1 0 0 0 0 2 1  1 0 0 0 1 0 0 1 1 2 
Protanyderus alexanderi ? ? ? ? ? ? ?
/ 
? ? 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 ? 
Protanyderus beckeri ? ? ? ? ? ? ? ? ? 1  1 1 1 0 0 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus esakii 0 2 0 1 0 1 2 0 1 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus margarita 0 2 0 1 0 1 2 0 1 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus schmidi ? ? ? ? ? ? ? ? ? 1  1 1 1 0 0 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 ? 
Protanyderus sikkimensis ? ? ? ? ? ? ? ? ? 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus vanduzeei ? ? ? ? ? ? ? ? ? 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus venustipes ? ? ? ? ? ? ? ? ? 1  1 1 1 0 0 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus vipio 0 2 0 1 0 1 2 0 1 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Protanyderus yankovskyi ? ? ? ? ? ? ? ? ? 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 0 0  1 0 0 1 1 0 3 1 0 1 
Protoplasa fitchii 0 2 0 1 0 1 2 0 1 1  1 1 1 0 1 1 0 0 1 1  0 0 1 1 0 0 0 0 1 0  1 0 0 1 1 0 3 1 0 2 
Radinoderus mirabilis ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 0 0 1 0 0 0 0 1  0 0 0 0 1 0 3 1 0 0 
Radinoderus ochroceratus 0 2 0 0 0 1 2 0 ? 1  1 0 1 0 0 1 0 0 1 1  0 0 0 0 1 0 0 0 0 1  0 0 0 0 1 0 3 1 0 0 
Radinoderus solomonis ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 0 0 1 0 0 0 0 1  0 0 0 0 1 0 3 1 0 0 
Radinoderus toxopei ? ? ? ? ? ? ? ? ? 1  1 0 1 0 0 1 0 0 1 1  0 0 0 0 1 0 0 0 0 1  0 0 0 0 1 0 3 1 0 0 
Tanyderus pictus 0 2 0 0 0 1 2 0 0 1  1 0 1 0 0 1 0 0 1 1  0 0 0 0 0 0 0 0 0 1  0 0 0 0 1 0 3 1 0 0 
Edwardsina nigra 1 2 1 0 0 0 0 1 1 0  1 1 1 1 1 0 0 0 0 1  1 0 1 1 0 0 0 0 2 0  1 0 0 1 0 0 0 0 0 0 
Horaiella sp. 1 2 0 0 0 1 1 1 1 1  0 0 1 1 1 0 0 1 0 0  2 1 1 1 0 1 1 2 2 0  1 0 0 1 0 0 1 1 1 2 
Nemopalpus nearcticus 
 
1 0 1 0 0 0 1 1 1 1  0 0 1 1 1 1 1 1 0 0  2 1 2 1 0 2 2 1 2 0  1 0 0 1 1 0 2 1 2 2 
Phlebotomus papatasi 1 2 1 0 1 0 0 1 1 1  0 1 1 1 1 0 1 1 0 0  1 1 2 1 0 2 2 1 2 0  1 0 0 1 1 0 2 1 1 2 
Trichomyia nuda 1 2 0 0 0 1 0 1 1 1  0 0 1 1 1 1 1 1 2 1  2 1 1 1 0 2 2 1 2 0  1 0 0 1 1 0 2 1 2 2 
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3
 
Table 2. (Continued) Matrix of characters. 
Taxon 
4
1 
4
2 
4
3 
4
4 
4
5 
4
6 
4
7 
4
8 
4
9 
5
0 
 5
1 
5
2 
5
3 
5
4 
5
5 
5
6 
5
7 
5
8 
5
9 
6
0 
 6
1 
6
2 
6
3 
6
4 
6
5 
6
6 
6
7 
6
8 
Araucoderus gloriosus 1 1 0 0 0 0 0 1 0 0  0 0 1 0 1 0 3 1 1 1  1 0 0 0 1 0 1 1 
Eutanyderus oreonympha 1 1 0 0 0 0 0 1 0 0  0 0 1 0 1 0 3 1 1 1  1 0 0 0 1 0 1 1 
Eutanyderus wilsoni 1 1 0 0 1 1 0 0 0 1  1 0 1 0 1 0 1 0 1 1  1 2 0 0 0 0 0 0 
Mischoderus annuliferus 1 1 0 0 1 1 2 0 0 1  1 0 0 0 1 0 1 0 1 1  1 0 0 0 1 0 0 0 
Mischoderus forcipatus 1 1 0 0 1 1 2 0 0 1  1 0 0 0 1 0 1 0 1 1  1 0 0 0 1 0 0 0 
Mischoderus varipes 1 1 0 0 1 1 2 0 0 1  1 0 0 0 1 0 1 0 1 1  1 0 0 0 1 0 0 0 
Neoderus patagonicus 1 1 0 0 0 0 0 1 0 0  1 0 1 0 1 0 3 1 1 1  1 1 0 0 1 1 1 1 
Peringueyomyina barnardi 1 1 0 0 2 2 3 2 0 0  0 0 1 2 1 0 3 0 1 1  1 0 1 0 1 0 0 0 
Protanyderus alexanderi ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ?  1 1 0 0 1 1 1 1 
Protanyderus beckeri 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus esakii 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus margarita 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus schmidi ? ? ? ? ? ? ? ? ? ?  ? ? ? ? ? ? ? ? ? ?  1 1 0 0 1 1 1 1 
Protanyderus sikkimensis 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus vanduzeei 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  ? ? ? ? ? ? ? ? 
Protanyderus venustipes 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus vipio 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Protanyderus yankovskyi 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  ? ? ? ? ? ? ? ? 
Protoplasa fitchii 1 1 0 1 0 0 0 1 0 0  1 1 2 0 2 0 2 1 1 1  1 1 0 0 1 1 1 1 
Radinoderus mirabilis 1 1 0 0 0 1 1 0 0 1  0 0 1 0 1 0 3 0 1 1  1 0 0 1 0 0 0 0 
Radinoderus ochroceratus 1 1 0 0 0 1 1 0 0 1  0 0 1 0 1 0 3 0 1 1  1 0 0 1 0 0 0 0 
Radinoderus solomonis 1 1 0 0 0 1 1 0 0 1  0 0 1 0 1 0 3 0 1 1  1 0 0 1 0 0 0 0 
Radinoderus toxopei 1 1 0 0 0 1 1 0 0 1  0 0 1 0 1 0 3 0 1 1  1 0 0 1 0 0 0 0 
Tanyderus pictus 1 1 0 0 0 1 0 0 0 0  1 0 1 0 1 0 3 1 1 1  1 0 0 0 0 0 0 0 
Edwardsina nigra 0 0 0 2 3 3 3 2 2 2  0 0 0 1 1 1 0 2 0 0  2 2 0 0 1 1 1 1 
Horaiella sp. 2 2 0 2 3 3 3 2 0 0  0 0 2 2 0 0 3 2 0 0  ? ? ? ? ? ? ? ? 
Nemopalpus nearcticus 
 
2 1 0 2 3 3 3 2 1 1  1 1 2 1 0 0 0 2 0 2  2 0 2 0 1 1 1 1 
Phlebotomus papatasi 2 1 1 2 3 3 3 2 0 1  0 0 2 2 0 1 3 2 0 2  2 0 1 0 0 1 1 0 
Trichomyia nuda 2 2 0 2 3 3 3 2 2 1  1 0 1 1 1 0 0 2 0 2  2 0 1 0 1 1 1 0 
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Table 3. Characters and character states used in cladistic analysis of Tanyderidae.  
 
 The phylogenetic analysis was based on 68 characters (33 binary, 35 multistate), 
of which 9 are larval, 27 adult body, 24 male genitalic and 8 female genitalic characters.  The 
Consistency Index (CI) and Retention Index (RI) follow coded character states for each 
character.  The following abbreviations are used for characters of the male genitalia: “PM 
DB” (dorsal bridge of paramere), “PM DME” (dorsomedial element of paramere), “PM 
GBL” (parameral lobe at gonocoxite base), “PM LME” (lateromedial element of paramere) 
and “PM VP” (ventral paramere).  Larval characters refer to those of Instar IV. 
 
Larvae: 
1. Caudal area of head capsule: partially retracted into thorax (0); not retracted into 
thorax (1) (CI: 0.50; RI: 0.68) 
2. Antennal segments: zero (0); one (1); two (2); three (3) (CI: 1.00; RI: 1.00) 
3. Labrum: dorsoventrally flattened (0); conical (1) (CI: 1.00; RI: 1.00) 
4. Hypostomal bridge: complete (0); incomplete (1) (CI: 0.68; RI: 0.68) 
5. Abdominal segments: each divided into two parts (0); each divided into three parts 
(1) (CI: 1.00; RI: 0.68) 
6. Abdominal setae: with only simple setae (0); with simple setae and few palmate setae 
(1); with mostly palmate setae (2) (CI: 0.50; RI: 0.86) 
7. Hooks at posterior: absent (0); with hooks inserted posterolaterally on anal division, 
not on prolegs (1); with hooks inserted at apex of prolegs (2) (CI: 0.50; RI: 0.91) 
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8. Abdominal segment eight and nine: with tracheated fleshy extensions (0); without 
tracheated fleshy extensions (1) (CI: 1.00; RI: 1.00) 
9. Abdominal Segment nine: with dorsal sclerotized plate present (0); without dorsal 
sclerotized plate (1) (CI: 0.60; RI: 0.80) 
 
 
Adult body: 
10. Ocelli: present (0); absent (1) (CI: 0.33; RI: 0.67) 
11. Ommatrichia: absent (0); present (1) (CI: 0.50; RI: 0.77) 
12. Vertex: smooth, with no protuberances (0); with apophyses (1) (CI: 0.25; RI: 0.33) 
13. Rostrum: present (0); absent (1) (CI: 0.33; RI: 0.82) 
14. Labellum: length > 2x the height (0); length < 2x the height (1) (CI: 0.25; RI: 0.67)  
15. Labrum: pointed at apex (0); rounded at apex (1) (CI: 0.25; RI: 0.77) 
16. Mandibles: developed (0); reduced (1) (CI: 1.00; RI: 1.00) 
17. Palp segments: constricted at base, flared at apex (0); cylindrical, constricted at base 
and apex (1) (CI: 0.43; RI: 0.75) 
18. Distribution of setiform sensilla on palp segments: evenly distributed over entire 
surface (0); restricted to mesal surface (1) (CI: 0.43; RI: 0.75)  
19. Male flagellomeres: cylindrical (0); fusiform to globular (1); nodiform (2) (CI: 0.50; 
RI: 0.80) 
20. Length of basal flagellomeres: conspicuously elongate compared to middle or apical 
flagellomeres (0); slightly longer or equal in length compared to middle or apical 
flagellomeres (1)  (CI: 0.50; RI: 0.77) 
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21. Setae on flagellomeres: with verticils and shorter setae (0); without verticils, but with 
shorter setae and microsetae (1); with verticils, shorter setae and microsetae, most 
setae spathulate or spatulate (2) (CI: 1.00; RI: 1.00) 
22. Ascoids: absent (0); present (1) (CI: 1.00; RI: 1.00) 
23. Eyes: approximate anteriorly and posteriorly, frons & occiput narrowed (0); eyes 
widely separated anteriorly and posteriorly (1); eyes reniform, not approximate 
anteriorly (2) (CI: 1.00; RI: 1.00) 
24. Cervical sclerite: length 2x greater than height (0); length < 2x the height (1) (CI: 
0.50; RI: 0.78) 
25. Pronotum length: less than height (0); equal to or greater than height (1) (CI: 0.60; RI: 
0.80) 
26. Tibial spurs: present on all legs (0); present on forelegs only (1); absent (2) (CI: 0.60; 
RI: 0.80) 
27. Tibial spurs of forelegs: without setae inserted (0); with setae inserted (1); absent (2) 
(CI: 1.00; RI: 1.00) 
28. Vestiture: light covering of simple setae (0); moderate to heavy covering of spatulate 
setae (1); almost bare, with few spiniform setae on wing and body (2) (CI: 0.50; RI: 
0.82) 
29. Wing infuscation: with 3rd and 4th transverse bands differentiated (0); with 3rd and 4th 
transverse bands undifferentiated (1); without transverse bands (2) (CI: 1.00; RI: 
1.00) 
30. Wing vein R1 reaching C : at or before M1 meets C (0);  after M1 meets C (1) (CI: 
1.00; RI: 1.00) 
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31. Wing vein base of R2+3 : arising after or at R5 fork base (0); arising before R5 fork 
base(1) (CI: 1.00; RI: 1.00) 
32. Wing vein R2+3: narrower than vein h (0); as broad or broather than vein h (1) (CI: 
0.43; RI: 0.75) 
33. Anal sector of wing: reduced; evident only as part of wing base (0); with vein A1 
straight; extending distally from wing base (1) (CI: 1.00; RI: 1.00) 
34. Abdominal segment length vs. width: longer than wide (0); wider than long (1) (CI: 
0.50; RI: 0.50) 
35. Abdominal segment circumference: decreasing from basal to apical segments, giving 
abdomen a tapered appearance (0); approximately equal from basal to apical 
segments, giving abdomen a cylindrical appearance (1) (CI: 0.33; RI: 0.82) 
36. Abdomen; sternite one: less than half as long as second sternum II, causing the 
abdomen to droop downward (0);  slightly shorter than or as long as sternum II, no 
drooping of abdomen (1) (CI: 1.00; RI: 1.00) 
 
Adult Male Genitalia: 
37. Torsion of genitalia: none (0); 90° (1); 180° (2); variable (3) (CI: 0.50; RI: 0.50) 
38. Back-folding of abdomen/terminalia: abdomen backfolded, at rest apex of terminalia 
pointed dorsally or anteriorly (0); abdomen not backfolded, at rest apex of terminalia 
pointed posteriorly (1) (CI: 1.00; RI: 1.00) 
39. Aedeagus: trifurcated (0); bifurcated (1); simple (2); with branches fused (3) (CI: 
0.50; RI: 0.88) 
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40. Aedeagal sheath: surrounding aedeagal branches individually (0); surrounding 
aedeagal branches together (1); absent (2) (CI: 0.50; RI: 0.50) 
41. Parameres: with dorsal and ventral elements (0); with dorsal and lateral elements (1); 
with dorsal, ventral and lateral elements (2) (CI: 1.00; RI: 1.00) 
42. Ventral paramere: clearly present as sclerotized band with or without posterior 
prolongations (0); reduced or absent (1); developed, surrounding aedeagus (2) 
43. Pm db: clearly sclerotized (0); membranous or absent (1) (CI: 0.60; RI: 0.80) 
44. Sclerotized part of Pm dme: articulating with Pm db (0); fused with Pm db (1); absent 
(2) (CI: 0.67; RI: 0.91) 
45. Pm lme: well-developed, conspicuous (0); reduced, inconspicuous (1); not 
differentiated from Pm gbl and Pm db (2); absent (3) (CI: 1.00; RI: 1.00) 
46. Pm lme: heavily sclerotized over entire length (0); lightly sclerotized over part of 
length (1); reduced, inconspicuous (2); absent (3) (CI: 1.00; RI: 1.00) 
47. Pm lme: base mostly fused to Pm db (0); base mostly fused with Pm gbl (1); equally 
fused to Pm db and Pm gbl (2); indistinguishable or absent (3) (CI: 1.00; RI: 1.00) 
48. Pm lme: smooth, without secondary lobes, spiniform projections or hooks (0); with 
secondary lobes, spiniform projections and/or hooks (1); indistinguishable or absent 
(2) (CI: 0.50; RI: 0.78) 
49. Pm gbl: with multiple prominent, elongate setiform sensilla inserted on its surface 
(0); glabrous (1); absent (2) (CI: 1.00; RI: 1.00) 
50. Pm gbl: clearly differentiated from gonocoxite (0); not clearly differentiated from 
gonocoxite (1); absent (2) (CI: 0.50; RI: 0.93) 
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51. Gonocoxite: cylindrical, slightly arched from base to apex (0); conical, straight from 
base to apex (1); not differentiated (2) (CI: 0.33; RI: 0.43) 
52. Apices of gonostyli: simple (0); bifurcate (1) (CI: 1.00; RI: 1.00) 
53. Apices of gonostyli: broadly rounded (0); tapered (1); complex (2) (CI: 0.33; RI: 
0.82) 
54. Setae on gonostyli: with dense cluster of setae at apex (0); glabrous at apex (1); with 
spiniform setae inserted along partial or entire length (2) (CI: 0.25; RI: 0.67) 
55. Hypandrium: differentiated from gonocoxites (0); broadly fused with gonocoxites (1); 
broadly fused with gonocoxites, bulbous (2) (CI: 0.50; RI: 0.50) 
56. Epandrium: well developed (0); reduced (1) (CI: 0.33; RI: 0.67) 
57. Posterolateral lobes of epandrium: absent (0); broadly rounded, inconspicuous (1); 
triangular in dorsal view, about as long as wide (2); elongate, well-developed (3) (CI: 
0.29; RI: 0.71) 
58. Posterior margin of epandrium: with stout setae inserted along its entire width (0); 
with fine setae along its entire width (1); glabrous (2) (CI: 0.33; RI: 0.71) 
59. Proctiger: visible posteriorly, extending beyond epandrium (0); retracted anteriorly, 
nested within epandrium (1) (CI: 1.00; RI: 1.00) 
60. Cerco-parameral sclerite (inner arm in Hougue & Ortiz 1989): complete (0); 
incomplete (1); indistinguishable (2) (CI: 1.00; RI: 1.00) 
 
Adult Female Genitalia: 
61. Cerci: three-segmented (0); two-segmented (1); one-segmented (2) (CI: 0.50; RI: 
0.50) 
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62. Shape of apical segment of cerci in lateral view: ovate, elongate (0); quadrate, round 
(1); triangular (2) (CI: 0.25; RI: 0.83) 
63. Spermathecae: three in number (0); two in number (1); one in number (2) (CI: 0.50; 
RI: 0.90) 
64. Spermathecal duct(s): uniformly sclerotized/ transparent (0); with partial strong 
sclerotization on first ¼ of the length (1) (CI: 1.00; RI: 1.00) 
65. Spermathecal duct(s): coiled and elongate; >six times longer than corpora (0); short; 
< five times longer than corpora (1) (CI: 0.25; RI: 0.63) 
66. Spermathecal corpora: not clearly differentiated from ducts (0); clearly differentiated 
from ducts (1) (CI: 0.50; RI: 0.88) 
67. Spermathecal corpora: tapering at apex (0); round at apex (1) (CI: 0.33; RI: 0.71) 
68. Spermathecal corpora: lightly sclerotized/transparent (0); strongly sclerotized (1) (CI: 
1.00; RI: 1.00) 
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Table 4. Taxa examined for phylogenetic analysis.  Numbers and life stages of specimens are 
followed by the repository acronym in parenthesis (see Table S1 for institution names). 
Abbreviations: M = male; F = female; L = larva. “*” indicates that the larval association is 
uncertain. 
Ingroup Taxa 
 Araucoderus gloriosus 3M, 3F, 5L (ISIC) 
Eutanyderus oreonympha 1M (USNM); 1F (CNC) 
Eutanyderus wilsoni 1M, 1F (USNM) 
Mischoderus annuliferus 3L (ISIC); 1M (USNM); 1M, 1F (CNC) 
Mischoderus forcipatus 1M, 1F (USNM)  
Mischoderus varipes 1M, 1F (USNM)  
Neoderus patagonicus 1M, 5F (USNM) 
Peringueyomyina barnardi 1M (USNM); 1M, 1F, 3L (NMSA) 
Protanyderus alexanderi 1F (USNM) 
Protanyderus beckeri 1M (USNM) 
Protanyderus esakii 1L*, 1M, 1F (USNM) 
Protanyderus margarita 3L (ISIC); 1M, 1F (USNM)  
Protanyderus schmidi 1F (USNM) 
Protanyderus sikkimensis 1F (USNM) 
Protanyderus vanduzeei 1M (USNM) 
Protanyderus venustipes 1F (USNM) 
Protanyderus vipio 2L, 1M (ISIC); 1F (USNM) 
Protanyderus yankovskyi 1M, 1F (USNM) 
Protoplasa fitchii 1M, 1F (USNM) 1M, 1L (ISIC) 
Radinoderus mirabilis 1F (USNM) 
Radinoderus ochroceratus 1L*, 1M (USNM) 
Radinoderus solomonis 1F (USNM) 
Radinoderus toxopei 1F (USNM) 
Tanyderus pictus 8L, 1M, 2F (ISIC); 1F (USNM); 1M (CNC) 
Outgroup taxa 
 Edwardsina nigra 1M, 1F, 1L (ISIC) 
Horaiella sp. 1M, 1F, 1L (ISIC)  
Nemopalpus nearcticus 5M, 5F (ISIC) 
Phlebotomus papatasi 1M, 1F, 1L (ISIC) 
Trichomyia nuda 1M, 1F, 1L (ISIC) 
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Abstract 
 1. In many organisms, evolutionary adaptation results in the development of complex 
structures. This is especially true for the genitalia of true flies (Diptera). Two-dimensional 
illustrations, though accurate and adequate in some applications, are limited in their 
effectiveness for explaining such complex characters. 
  2. Digital sculpting software can be used to convert 2D or 3D illustrations and images 
to accurate, 3D models of whole or partial specimens. By sculpting structures as individual 
elements and visually combining them as a seamless model, it is then possible to create 
custom animations. The models can be used as research and teaching tools to convey 
information including, but not limited to, hypotheses of homology and characters pertinent to 
species identification.  
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  3. We demonstrate results of sculpting using Pixologic® ZBrush 4R7 and developing 
a user interface using Unity Personal 5.X. Three-dimensional models were created to 
illustrate the male genitalia of Araucoderus gloriosus (Tanyderidae) and Nemopalpus 
glyphanos (Psychodidae). Custom animations were developed for each model to allow for 
rotation in all directions; an expanded view; transparency; colorations and side-by-side 
comparison of different species. Unity scripts used in this process are provided. 
  4. This approach can be combined with previously employed, noninvasive 3D 
imaging techniques such as micro-computed tomography, synchrotron radiation based X-ray 
µCT and confocal laser scanning microscopy to enhance the utility of already detailed 
reconstructions. This may be especially useful for illustrating unique specimens, such as 
holotypes, or those that cannot be dissected, such as fossils. 
 
Key Words: 3D illustration, comparative morphology, phylogeny, Tanyderidae, 
Psychodidae 
 
Introduction 
  Evolutionary biologists who study the morphological characteristics of organisms are 
faced with the challenge of conveying their findings as testable hypotheses (Giribit 2013). 
These hypotheses are necessary for delimiting taxa and reconstructing phylogeny. 
Unfortunately, complex structure resulting from evolutionary adaptation can obfuscate 
homology and make it difficult to accurately illustrate characters. Indeed, interpretation of 
insect morphological characters is known for such challenges, particularly regarding the male 
genitalia of true flies (Diptera). In order to make accurate identifications and homology 
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statements, it is critical to understand for a broad range of taxa, the structure of these 
characters.  
Previous attempts to demonstrate homology in Diptera genitalia have been successful 
through the use of traditional illustrations (Wood 1991; Sinclair et al. 1994; Cumming et al. 
1995); however, overlapping structures in such illustrations can become convoluted or 
completely obscured. This decreases the clarity, and consequentially the ease of 
interpretation when using illustrations to represent a structure in multiple views. An alternate 
approach consisting of techniques utilizing 3D modeling and interactive software can be 
highly effective for illustrating anatomy (e.g. Zygotebody® 2015). This type of technology is 
applicable to the morphology of any organism, but has yet to be utilized in taxonomy and 
phylogenetic systematics.  
Insect anatomy has been digitally reconstructed in three-dimensions by some 
researchers (VanDyk 2003; Ernst et al. 2013; Mikó et al. 2013; Qi-Liang 2013). These 
models were based on scanned images of morphological characters, a process that limited the 
detail and accuracy of each structure and utility of the resulting models. Such limitations 
made it impractical or even impossible to produce models for a variety of taxa, especially for 
complex characters. Here we present a novel approach of combining 3D digital sculpting and 
detailed specimen observations. A digital model of the male genitalia of two fly species is 
produced; pertinent structures are created separately, thereby allowing for customized 
animation of the resulting model. 
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Material 
  Specimens of Araucoderus gloriosus Alexander (Diptera, Tanyderidae) were 
collected from Chilean Patagonia (Madriz & Courtney 2016) and Nemopalpus glyphanos 
Curler (Diptera, Psychodidae) were collected from Lamington National Park, Queensland, 
Australia (Curler & Jacobson 2012). Males of these species served as the basis for the models 
produced in this work. 
 
  Specimen Preparation. All specimens were fixed initially in 70% EtOH. We studied 
partial dissections of A. gloriosus and whole specimens of N. glyphanos mounted in various 
positions on microscope slides. Observations of genitalia were completed using both light 
microscopy (LM) and scanning electron microscopy (SEM). For LM, dissected genitalia or 
whole specimens were macerated in a solution of cold sodium hydroxide (approximately 
10%) or immersed in 85% lactic acid. Most were permanently or temporarily slide mounted 
using Canada balsam or glycerin, respectively. Some specimens of A. gloriosus were retained 
in 70% EtOH to minimize distortion of membranous structures, which occurs during 
dehydration (for slide mounting) or transfer to glycerin. For SEM, genitalia of A. gloriosus 
were sonicated for five to ten seconds while immersed in EtOH. After sonication, specimens 
were dried either chemically using hexamethyldisilazane or critical-point dried, then sputter 
coated with gold-palladium. Nemopalpus glyphanos specimens were cleared in cold sodium 
hydroxide and slide-mounted in Canada balsam. 
 
  Observations. For LM observations, we used an Olympus SZX-9 or a Wild M5 
stereomicroscope and a Nikon Eclipse E800 or an Olympus BX50 compound microscope, 
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both of the latter equipped with differential interference contrast. SEM preparations were 
examined using a JEOL 5800LV Scanning Electron Microscope. Line drawings were 
completed with the aid of drawing tubes on the Olympus and Nikon instruments and 
photomicrographs were composites of images captured using a Nikon DS-Fi1, mounted 
interchangeably on the Olympus SZX-9 and Nikon Eclipse E800 microscopes. Composite 
images were generated using NIS-Elements 3.2 imaging software and edited in Adobe 
Photoshop® 12.1x64. Electron micrographs were captured digitally and subsequently edited 
in Photoshop®. Figures for this paper were produced using Adobe Illustrator® CS5 15.1.0 
and Photoshop. Video of the model was produced as a screen recording using QuickTime 
Player 10.3. 
 
  Specimen Interpretation and 3D Media. Morphological terminology and 
interpretation of homologies are based, in part, on Cumming & Wood (2009). Genitalia 
morphology of Araucoderus gloriosus follows the interpretations of Madriz & Courtney 
(2016), while Curler & Jacobson (2012) initially interpreted that of Nemopalpus glyphanos, 
with subsequent revisions by Curler and Madriz (unpublished). Character color-coding 
follows Wood (1991), Sinclair et al. (1994) and Cumming et al. (1995) with additional 
characters interpreted and colored accordingly. In our models, lines of separation for the 
characters depicted do not necessarily denote sutures between sclerites. They are 
approximations of the interface between structures as interpreted by us. Animations used to 
separate and expand the various parts of each genitalia are included for illustrative purposes, 
and do not necessarily indicate that actual specimens can be disassembled as depicted.     
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Three-dimensional models were rendered using Pixologic® ZBrush 4R7. The 
framework of each model was constructed using detailed line illustrations, photomicrographs 
and electron micrographs as an initial template to trace their shape in 3D. Subsequently, a 
skin was applied to the framework and details sculpted, making adjustments to shape based 
on specimen observations. The model skeleton was built using Zspheres® followed by 
primary sculpting brushes: move, clay, dam standard, inflate, smooth and hard polish. Lastly, 
coloration and fine details such as setae were added. Setae on Araucoderus were created and 
distributed on the model using FiberMesh® while setae for which accurate placement is 
critical (i.e. species-specific or phylogenetically informative characters) were inserted 
individually. Coloration on the A. gloriosus model is depicted as it appears in live or freshly 
collected specimens (i.e. based on photographs, field and lab observations), whereas that for 
N. glyphanos is an approximation based on coloration of museum specimens and 
photographs of live Nemopalpus. 
3D Media: UV Master and Decimation Master ZBrush plugins were utilized to 
facilitate exporting models (in .obj format). Higher resolution models were optimized for use 
in Unity. Additional tutorials for this process can be found at the Pixologic website. 
Interactive Media: Models created in ZBrush were optimized and imported into GUI 
Unity Personal 5.X. There, animation and C# scripts were created for the model’s 
specifications. Custom Unity scripts (Data S1) were either original (i.e. written during this 
project) or comprised of publicly available scripts obtained from Unity scripting 
documentation and the Unify Community Wiki (2015). Animations were created within 
Unity’s animation interface. Supplemental tutorials and scripting resources can be found at 
the Unity website and Unify Community Wiki. 
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Conclusion 
The approach presented here is analogous to traditional illustration techniques in that 
it involves manually rendering highly accurate representations of actual structures. As with 
any method of illustration, accurate interpretation in 3D involves examining pertinent 
characters from multiple specimens in order to limit the impact of individual specimen 
anomalies. We acknowledge the value and timelessness of traditional illustration techniques, 
yet we posit that 3D models produced via the methods described above are superior in 
conveying complex concepts. They are essentially a digital reconstruction of a specimen 
habitus; one that can be rotated, dissected, reassembled, and manipulated in myriad other 
ways. Moreover, models of different species can be viewed side-by-side for the purpose of 
comparison (Video S1). Incorporating customizations such as natural coloration (Figs. 1, 5), 
transparency (Figs. 2, 6), color-coding (Figs. 3, 4, 7, 8), and animations allows for 
straightforward illustration of hypothesized homologies or similarly complex concepts. 
Custom animations may be incorporated in interactive media on multiple platforms; 
however, when interactive 3D illustrations are not necessary, the models can also be used to 
quickly generate still images of any view. Combining this approach with the results of 
previously employed, noninvasive 3D imaging techniques such as micro-computed 
tomography (µCT) (Friedrich & Beutel 2009; Wipfler et al. 2012), synchrotron radiation 
based X-ray µCT (Stebner et al. 2016) and confocal laser scanning microscopy (Klaus et al. 
2003) could enhance the utility of already detailed reconstructions. This may be especially 
useful for illustrating unique specimens, such as holotypes, or those that cannot be dissected, 
such as fossils. 
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Three-dimensional models can be developed for virtually any taxon. In taxonomy, 
many characteristics require copious 2D illustrations in order to accurately describe them 
(Godfray 2002). Three-dimensional illustrations have significant potential to supplement line 
drawings, and in some cases replace them with one self-explanatory, interactive model. 
Moreover, in studies of evolutionary relationships, a 3D model could act as a map for 
standardized terminology in complex characters, thereby providing an objective basis for 
demonstrating, discussing and testing hypotheses of homology (Giribet 2013).   
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  Video S1. Video clip of interactive 3D models showing customizations such as 
natural coloration, transparency, color-coding, disarticulation and reassemble of Araucoderus 
gloriosus and Nemopalpus glyphanos. https://figshare.com/s/ce47252246b273417b8c 
 
  Data S1. Source code for developing the interactive interface. 
https://figshare.com/s/4e5e18ccc87338c97c92
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Fig 1. 3D model images showing Araucoderus unrotated male genitalia with external 
coloration as seen in live specimen. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. 
(d) Lateral view. (e) Caudal view.
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Fig 2. 3D model images showing Araucoderus unrotated male genitalia with transparecy 
showing internal structures. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. (d) 
Lateral view. (e) Caudal view. 
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Fig 3. 3D model images showing Araucoderus unrotated male genitalia with color coded 
characters. (a) Dorsolateral view. (b) Dorsal view, (c) Ventral view. (d) Lateral view. (e) 
Caudal view.  
Colored areas show distinction among characters: blue = testes; yellow = ejaculatory 
apodeme; light purple = aedeagal sheeth; dark purple = parameres; red = aedeagus; green = 
proctiger, cerci & subepandrial membrane;  grey = epandrium; orange = gonopods 
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Fig 4. 3D model images showing Araucoderus unrotated male genitalia with color coded 
characters transparecy. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. (d) Lateral 
view. (e) Caudal view.  
Colored areas show distinction among characters: blue = testes; yellow = ejaculatory 
apodeme; purple = parameres; pink = sperm sac; red = aedeagus; green = proctiger, cerci &  
subepandrial membrane;  grey = epandrium; orange = gonopods 
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Fig 5. 3D model images showing Nemopalpus unrotated male genitalia with external 
coloration as seen in specimen. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. (d) 
Lateral view. (e) Caudal view. 
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Fig 6. 3D model images showing Nemopalpus unrotated male genitalia with transparecy 
showing internal structures. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. (d) 
Lateral view. (e) Caudal view. 
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Fig 7. 3D model images showing Nemopalpus unrotated male genitalia with color coded 
characters. (a) Dorsolateral view. (b) Dorsal view, (c) Ventral view. (d) Lateral view. (e) 
Caudal view.  
Colored areas show distinction among characters: blue = testes; yellow = ejaculatory 
apodeme; light purple = aedeagal sheeth; dark purple = parameres; red = aedeagus; green = 
proctiger, cerci & subepandrial membrane;  grey = epandrium; orange = gonopods 
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Fig 8. 3D model images showing Nemopalpus unrotated male genitalia with color coded 
characters transparecy. (a) Dorsolateral view. (b) Dorsal view. (c) Ventral view. (d) Lateral 
view. (e) Caudal view.  
Colored areas show distinction among characters: blue = testes; yellow = ejaculatory 
apodeme; purple = parameres; red = aedeagus; green = proctiger, cerci & subepandrial 
membrane; grey = epandrium; orange = gonopods 
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CHAPTER 8 
CONCLUSIONS  
The work presented in this dissertation offers a significant contribution to our understanding 
of Tanyderidae. It provides the first worldwide revision of the family, including detailed 
descriptions and novel interpretations of the structure and homologies of the male genitalia 
and genital tract of Tanyderidae. An hypothesis  of the phylogenetic relationships for most 
species of Tanyderidae, representing nine of 10 genera is presented for the first time. 
 
The morphology of tanyderid adult terminalia has been catalogued and interpreted in a 
coherent organization scheme, while a novel approach to the understanding of the internal 
male genitalic structure was presented. Future examination of female and larval characters, as 
well as natural history and ecological information will further our understanding of this 
intriguing group. 
 
A morphological phylogeny focused on intergeneric relations was recovered. Protanyderus 
was merged into Protoplasa, while Xenoderus was erected to house a species pulled from 
Eutanyderus, forming two distinct monotypic genera. Although current evidence supports 
monotypic genera within Tanyderidae, the senior author believes this occurrence will change 
as collecting techniques and natural history of the group is improved.  
 
Identification materials presented herein were created using mainly wing characters to 
facilitate determination of all known 39 species regardless of sex. This approach originated 
through the necessity to provide a useful identification tool encompassing the current group 
diversity, while acknowledging a lack of specimens from either of the sexes representing 
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some of the current valid species. This problem has permeated this group since its 
designation, delaying our understanding of the group in comparison to other families within 
Diptera.  
 
The studies presented in this dissertation should be taken as a mere building block in the vast 
wall that will encompass our understanding of this remarkable group.  
 
The knowledge compiled during this study will ideally serve as a foundation for broader 
investigations of Tanyderidae by Dipterists and non-specialists alike. 
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APPENDIX A 
 REDISCOVERY OF ONE OF THE RAREST SPECIES OF TANYDERIDAE: AN 
ANECDOTAL FIELD ACCOUNT 
Published in Fly Times 56: 14 – 17. 
 
R. ISAÍ MADRIZ  
 
Department of Entomology, Iowa State University, Ames, IA, USA 50011-3222, USA. 
rimadriz@iastate.edu 
From December 2015 to February 2016 I participated in the field season of a 
collaborative project studying the biodiversity of Southern Chilean streams in old growth 
temperate forests. Among the challenges to perform research in the poorly sampled and least 
populous of Chile’s fifteen regions include the fragmented landscape marked by many lakes, 
channels and fjords formed by several glaciation events, land routes being extremely 
primitive tracks at best. 
Dr. Anna Astorga, the project leader, took me throughout the Aysén region to 
perform a faunistic survey of aquatic Diptera larvae and adults. Even at seven months 
pregnant, she personally guided me by foot through rivers and mountain passes to some of 
the most secluded and pristine sites of the region, previously scouted by her and fellow 
collaborator Dr. Brian Reid. At the tail end of the field season, I returned to one of the 
previously sampled sites that promised to yield adult specimens of Araucoderus gloriosus, 
one of the focal genera in my ongoing taxonomic treatment of the Tanyderidae. The valley 
was divided by an unnamed glacial fed stream we nicknamed Kairay, draining into Lago 
General Carrera from the fragmented northern Patagonia ice field. This site is located 
halfway between the small towns of Bahia Murta and Puerto Río Tranquilo. 
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Carrying over 40 lbs of collecting gear and video equipment, cinematographer Victor 
Rodriguez and I waded up the serpentine creek. As the afternoon progressed our trek became 
harder with the increasing slope, and after clawing our way over massive fallen trees, falling 
into a few deep pools of translucent glacial water and climbing a 20ft waterfall, we finally 
arrived at our destination. There the stream bottom consisted of a mixture of sand, coarse 
gravel and rocky substrata, with sparse submerged wood, ideal Araucoderus habitat. In less 
than half a mile, I was able to count over 49 adult Araucoderus gloriosus resting on tree 
trunks of Nothofagus sp. and underside of vegetation in the riparian zone.  This would be a 
perfect site for filming tanyderid diurnal habits and potentially record any crepuscular 
behavior.  
After hours of focused behavioral observation and collection, we set up a black light 
to document the local nocturnal insect fauna. By midnight, with no sign of any tanyderid 
nocturnal activity and after impoverished collecting from our black light session, we decided 
to set up camp using the lightweight travel hammocks we accidentally placed in our food 
bag. The hammocks had massaged the punctured ziploc containing lukewarm soft cheese, 
soggy bread and broken crackers until it had blended into a paste-like consistency. After our 
mucilage of a dinner we prepared for the advancing threat of night rain with anything we had 
at our disposal. Our slanted shelter arose from a motley assembly of dangling collecting gear 
and clammy field clothes, but we were too tired to care.   
Before dawn, while having manjar (a popular soft caramel) and stream water 
breakfast, I stumbled into the freezing water to cleanse myself of the cheese perfume my skin 
accumulated overnight from my sleeping quarters. Looking for the perfect rock and sand to 
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scrub myself with, I discovered several pupae and tanyderid pupal exuviae in the interstitial 
spaces among the exposed large rocky substrata. 
With the sky lighting up, numbed from the freezing water and with my cold hands 
occupied with specimens, I witnessed significant activity on the canopy, too high up to 
accurately identify the numerous insects or excited passerine birds fluttering across the 
branches engorging themselves on the commotion. Looking back to our temporary residence 
being pillaged by overstimulated tapaculos (Scelorchilus sp.), I spotted one of the highlights 
of the field season. Directly on the overhanging white sheet covering Victor’s shanty rested a 
severed yet a complete wing of Neoderus patagonicus in perfect condition, one of the rarest 
species of tanyderids.  Known only from a single female collected in the secluded southern 
fjords of Chile, sometime during the late 1800’s, and formally described by Charles P. 
Alexander in 1913.  
This discovery sent us on an intensive 5 hour search throughout the site in which we 
found mating pairs of Araucoderus gloriosus, rare psychodids, brachipterous plecopterans, 
Symbiocladius sp. larvae (a parasitic chironomid) still attached to their leptophlebiid host and 
filmed empidids opportunistically feeding on a tipuloid trapped in a spider web. 
Unfortunately, we could not find any other signs of N. patagonicus at the site.  
With no more food, dry clothes or batteries for our cameras, but with the satisfaction 
of knowing that an elusive tanyderid can be found in the area, we decided to head back to 
civilization. For the return we took a different but equally challenging path that led us out 
onto the open mountainside where adult male Andean condors soared less than 5 feet above 
us.  
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By the end of the field season I was able to triple the world collection of Araucoderus 
gloriosus, double that of Tanyderus pictus and successfully reared mature larvae of both 
species to adulthood while traveling in country. Additionally, in an unexpected turn of events 
and in a different habitat that the previously described, I was able to secure four specimens of 
Neoderus patagonicus, including the first recorded male of the species. A detailed treatment 
of Neoderus is underway.  
I wish to thank Anna Astorga and Brian L. Reid for their hospitality and field support, 
and cinematographer Victor Rodriguez for his expertise in documenting the observations. 
Kristina K. Lindsay and my former students Brittany A. Clark, Shawna Snyder, Selah 
Zaldarriaga and Alex Mykris provided field assistance during other parts of the study. 
Particular thanks go to Gregory W. Courtney for allowing me to take the time off to 
collaborate in this project. 
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Figure 1. Wing of Neoderus patagonicus 
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Figure 2. a–f. Araucoderus habitats in Kairay. a–b. Kairay site. c–f. Araucoderus gloriosus 
male. g. Araucoderus gloriosus and Neoderus patagonicus captive specimens. h. Lago 
General Carrera.  
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Figure 3. a. Río Ibañez on road to Kairay. b. Research base.  c. Collaborators and former 
students, from left to right: Selah Zaldarriaga, Shawna Snyder, Anna Astorga, Brian Reid, 
Isaí Madriz, Kristina Lindsay. d–f. Tanyderid collecting sites of the Aysén Region. 
389 
 
 
APPENDIX B 
AN ILLUSTRATED GUIDE TO INSECT CURATION 
Included in the Laboratory Manual for ENT 370 – Insect Biology Laboratory Guide 
R. Isaí Madriz  
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 APPENDIX C   
MOSQUITO SURVEILLANCE AND CURATION CLASS (ENT 270L) 
A New Class for the Iowa State Entomology Department Curriculum 
Syllabus 
General Information 
Instructors 
R. Isaí Madriz. Office: 404 Science II. Phone: (515)231-2045. Email: 
rimadriz@iastate.edu 
Brendan Dunphy. Office: 436 Science II. Phone: (515) 450-3941. Email: 
bmdunphy@iastate.edu 
Course Outcomes 
Through laboratory exercises students will be able to learn:  
1) Target trap all life stages of wild mosquitoes through mosquito-specific capture 
techniques;  
2) Process trapping samples;  
3) Identify mosquito species of Iowa;  
4) Utilize curatorial methods in the preparation and curation of mosquitoes;  
5) Assemble a well-curated culicid collection for taxonomic research; 
6) Establish and maintain laboratory colonies of different species of mosquitoes; 
Required Text 
ENT 270 laboratory manual 
Laboratory Times & Location 
Monday & Friday 1600-1900hrs. Science 2 Room 433
397 
 
 
Required Materials 
Pen: Pigma MICRON 005, or equivalent, technical drawing pen. 
#3 Insect Pins: one packet necessary for pinning insect specimens (can purchase in 
lab) 
Minucie pins: one packet necessary for pinning insect specimens (can purchase in 
lab) 
Forceps: Swiss style fine-tip forceps 
Class Format 
This is a laboratory and field oriented course. Trapping and identifying specimens 
will be an integral part of the course. During laboratory sessions you will have access to 
preserved and (when possible) live representatives of the genera to be covered during this 
course. You will learn to identify the different species of mosquitoes using a taxonomic key 
or by sight. You must keep a detailed laboratory and field notebook depicting all aspects of 
surveillance and curation: trapping methods; collection site information for each sampling 
event; sorting and counting data; detailed identification information.  
Trapping Samples 
Each student will be responsible for collecting and sorting individual samples from an 
assigned trap during specific periods of the semester. 
Field Trips 
There will be optional opportunities for the class to participate in field trips to local 
habitats and possible evening black-light sessions. These will provide outstanding 
opportunities to collect representatives of the local fauna and experience different trapping 
techniques. 
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Grading 
I. Your performance in this course will be evaluated by 10 quizzes, 1 examination, 
satisfactory retrieval and processing of trap samples, detailed collection data, and 
a museum-quality mosquito collection. All quizzes and exams will be 
“practicals,” emphasizing the identification of mosquito species. 
II. Insect Collection. The insect collection will be a reflection of your comprehension 
of field and laboratory techniques, including your ability to correctly identify the 
different species covered during this course. The collection will consist of a total 
of 30 specimens classified among 5 of the 8 genera found in Iowa: 9 staged, 9 
pointed, 9 pinned and 3 slide-mounted, dissected specimens in Euparal media. 
III. Trapping Samples. Collections of adult mosquitoes will be carried out throughout 
the semester as part of your trapping sample grade. This task will consist of the 
successful retrieval from the ongoing New Jersey Light Traps deployed in 
strategic places in campus.  
Evaluation Points Percent of Total Grade 
Final Exam 150 15% 
Quizzes 200 20% 
Insect Collection 350 35% 
Trapping Samples 200 20% 
Attendance 100 10% 
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Class Attendance 
Class attendance is mandatory. A large part of the class will be spent at the 
microscope working through the steps of identification. The instructors may recommend that 
students spend more time in lab based on evaluation of progress throughout the class. 
Tests and Make-up Tests 
The test and quizzes are given on the day of class.  No make-up tests will be provided 
except in the occurrence of approved absences of family or medical emergency. 
 
Academic Policies 
Academic Dishonesty 
Plagiarism is a serious offense. Disciplinary action will be initiated in any suspected 
case following Iowa State University’s Policy on academic dishonesty. 
Disability Accommodation 
Please address any special needs at the beginning of the semester or as soon as you 
become aware of those needs. If you need accommodations based on disabilities please 
request the Student Academic Accommodation Request (SAAR) form from a Student 
Disability Resource Staff specifying the accommodation you will need. Retroactive requests 
for accommodations will not be honored. See recommendations for syllabus inclusion for 
more information. 
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Course Schedule 
Date Lab Topic 
Aug 24 1 
 
Introduction to the class; Overview of mosquito morphology and biology; 
Use of taxonomic keys; Set-up of compound and dissecting microscopes. 
Aug 28 2 Curation of immature and adult specimens; 
Aug 31 3 Quiz #1 (Biology, use of keys & curation); Trapping methods and 
protocols for adults;  
Sep 4 4 Trapping methods and protocols for eggs and immatures;  
Sep 7 5 Quiz #2 (Trapping methods); Establishment of mosquito laboratory 
colonies. 
Sep 11 6 Quiz#3 (Lab colonies); Sample processing and Identification of adult 
females to genus. 
Sep 14 7 Holiday. 
Sep 18 8 Quiz#4 (Identification to genera); Identification of Anopheles adults. 
Sep 21 9 Quiz #5 (Anopheles); Identification of Culex adults. 
Sep 25 10 Quiz #6 (Culex); Identification of Aedes adults. 
Sep 28 11 Quiz #7 (Aedes); Identification of Psorophora adults. 
Oct 2 12 Quiz #8 (Psorophora); Identification of minor genera adults. 
Oct 5 13 Quiz #9 (Minor genera); Dissections of salivary gland and midgut. 
Oct 9 14 Quiz #10 (Dissections): collections due. 
Oct 10 15 Review for final exam (Optional) 
Oct 12 16 Final exam. 
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Introduction 
 
 This laboratory manual is intended to be a simplified guide to the identification of 
female mosquitoes of Iowa with notes on the biology of the 22 species covered. Most 
technical terminology has been omitted hence this document is not intended to be a 
systematic treatment of mosquito identification. Furthermore, illustrations and terminology 
used herein have been simplified to facilitate training on the identification process.  
 
 Upcoming changes in terminology of the Diptera wing are mentioned in this work but 
not followed for identification purposes. Our scope is to prepare students on the current 
identification techniques and basic terminology, while making them aware of forthcoming 
changes in terminology. Likewise, an annotated list of abbreviations to culicid taxonomic 
classification is included, with notes on subgenera that have been elevated to generic level 
(Reinert 2009).  
 
 The bionomic information covered in this manual is intended as basic supplemental 
information. The literature cited is not comprehensively inclusive. For the most recent and 
comprehensive information we recommend that you seek out more targeted literature.    
  
 Currently eight genera and 55 species have been recorded in Iowa (Dunphy et al. 
2014). In this work we are excluding key specific identification guides for Aedes and 
Psorophora until the second edition of this manual. An oversimplified pictorial guide to 
mosquito curation is included to facilitate curatorial work.  
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External Anatomy 
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External Anatomy 
 
 
 
 
Head Capsule  
Leg  
Thorax  (dorsal view) 
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External Anatomy 
 
 
 
 
 
 
 
 
 
*equivalent name found in other literature 
Thorax  (laterall view) 
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External Anatomy 
Culicidae (sensu Darsie & Ward 2005) 
Culicidae (sensu Cumming & Wood 2017) 
Diptera Ground Plan (Madriz & Courtney 2016) 
408 
 
 
Internal Anatomy 
(modified from Paquette et al. 2015) 
 
 
Anopheles spp. 
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Abbreviations of Culicid Genera & Subgenera of Iowa 
(modified from Reinert 2009) 
Subfamily Anophelinae 
  Genus Anopheles Meigen = An. 
   Subgenus Anopheles Meigen = Ano. 
    
Subfamily Culicinae 
 Tribe Aedini 
  Genus Aedes Meigen = Ae. 
   Subgenus Aedimorphus Theobald = *Am. 
   Subgenus Finlaya Theobald = *Fl. 
   Sugenus Ochlerotatus Lynch Arribálzaga = *Oc. 
   Subgenus Protomacleaya Theobald = Pro. 
   Subgenus Stegomyia Theobald = Stg. 
  Genus Psorophora Robineau-Desvoidy = Ps. 
   Subgenus Grabhamia Theobald = Gra. 
   Subgenus Janthinosoma Lynch Arribálzaga = Jan. 
 Subgenus Psorophora Robineau-Desvoidy = Pso.  
   
 Tribe Culicini 
  Genus Culex Linnaeus = Cx. 
   Subgenus Culex Linnaeus = Cux. 
   Subgenus Melanoconion Theobald = Mel.  
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   Subgenus Neoculex Dyar = Ncx.     
 Tribe Culisetini 
  Genus Culiseta Felt = Cs. 
   Subgenus Climacura Howard, Dyar & Knab = Cli.  
   Subgenus Culicella Felt = Cuc. 
   Subgenus Culiseta Felt = Cus. 
    
 Tribe Mansoniini 
  Genus Coquillettidia Dyar = Cq. 
   Subgenus Coquillettidia Dyar = Coq. 
   
 Tribe Orthopodomyiini 
  Genus Orthopodomyia Theobald = Or. 
 
 Tribe Uranotaeniini 
  Genus Uranotaenia Lynch Arribálzaga = Ur. 
Subgenus Uranotaenia Lynch Arribálzaga = Ura. 
 
 
*currently recognized as a valid Genus. 
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Keys to the Genera of Adult Females 
(taxonomy follows Harbach & Knight 1980)  
 
 
1. Maxillary palpus shorter than proboscis; scutellum with posterior margin trilobed with 
seta grouped on these lobes 2 
 
 
 
 
 
Maxillary palpus as long as proboscis scutellum with posterior margin evenly rounded 
with seta evenly distributed Anopheles 
 
 
 
 
 
 
 
 
 
412 
 
 
Key to the Genera 
 
 
 
2. Thorax without iridescent blue scales 3 
 
 
 
 
 
 
 
 
 
Thorax with iridescent blue scales Uranotaenia sapphirina 
 
 
 
 
 
 
 
413 
 
 
Key to the Genera 
 
 
 
3. Postspiracular seta present; apex of abdomen tapers to a point in dorsal  
view 4 
 
 
 
 
 
 
 
 
Postspiracular seta absent; apex of abdomen bluntly rounded in dorsal  
view 5 
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Key to the Genera 
 
 
 
4. Abdominal terga with transverse bands or lateral patches proximally; prespiracular seta 
absent  Aedes & Ochlerotatus 
 
 
 
 
 
 
 
 
Abdominal terga with transverse bands or lateral patches distally; prespiracular seta 
present Psorophora 
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Key to the Genera 
 
 
 
5. Base of wing vein Sc without row of setae in ventral view 6 
 
 
 
 
 
 
 
 
Base of wing vein Sc with row of setae in ventral view Culiseta 
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Key to the Genera 
 
 
 
6. Scutum with narrow lines of contrasting pale scales absent; fore- and mid-tarsomere 1 
smaller than the rest of the tarsi combined 7 
 
 
 
 
 
Scutum with narrow lines of contrasting pale scales present; fore- and mid-tarsomere 1 
longer than the rest of the tarsi combined Orthopodomyia 
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Key to the Genera 
 
 
 
7. Wing scales broad, with speckled pattern in dorsal view Coquillettidia perturbans 
 
 
 
 
 
 
 
 
Wing scales long and narrow veins in dorsal view Culex 
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Anopheles 
(taxonomy follows Harbach & Knight 1980; Darsie & Ward 2005) 
 
1. Wings dark scaled or with apical fringe spots  2 
 
 
 
 
 
 
 
  
 Wings bearing pale spots 5 
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Anopheles 
 
 
 
2. Wings entirely black-scaled 3 
 
 
 
 
 
 
 Wings dark-scaled with silvery- or coppery- color apical fringe area An. earli 
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Anopheles 
 
 
 
3. Wings bearing distinct dark-scale spots; wing length 4.0mm or longer; scutal setae 
length shorter than half the width of the scutum 4  
 
 
 
 
 Wings unspotted; wing length about 3.0mm; scutal setae length about half the width of 
the scutum  An. barberi  
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Anopheles 
 
 
 
4. Palpifers bearing rings of pale scale only; frontal tuft with dark  
setae only An. walkeri 
  
 
 
 
 Palpifers uniformly dark; frontal tuft with some pale-colored  
setae An. quadrimaculatus 
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Anopheles 
 
 
 
5. Palps uniformly dark; wing C vein dark-scaled with apical and subcostal pale-scale 
spots; vein A with 1 or 2 dark-scale spots or lines An. punctipennis 
 
 
 
 
Palps with pale-scaled rings; wings dark-scaled with apical pale-scale spot only; vein A 
with 3 dark spots An. crucians 
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Culex 
(taxonomy follows Harbach & Knight 1980; Darsie & Ward 2005) 
 
1. Scutum bearing middorsal acrostichial setae; occiput with narrow scales  
bordering eyes 2 
 
 
 
 
 
 
 Scutum without middorsal acrostichial setae; occiput with broad scales bordering  
 eye Cx. erraticus 
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Culex 
 
 
 
2. Abdominal terga bearing bands or patches of pale scales proximally 3 
 
 
 
 
 
 
 
 
Abdominal terga bearing bands or patches of pale scales distally Cx. territans 
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Culex 
 
 
 
3. Proboscis uniformly dark; hind tarsi dark scaled or with very narrow pale scale band 
proximally 4 
 
 
 
 
 
Proboscis dark, with a complete ring of pale scales medially; hind tarsi with distinct 
proximal and distal pale-scale bands Cx. tarsalis 
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Culex 
 
 
 
4. Abdominal terga bearing conspicuous pale-scale bands proximally 5 
 
 
 
 
 
 
Abdominal terga unbanded or with proximal pale-scale bands very  
narrow Cx. salinarius 
 
  
 
 
 
 
427 
 
 
Culex 
 
 
5. Abdominal terga with proximal pale-scaled band with 2 distinct constrictions creating a 
3 lobed appearance; scutum without pale-scale spots Cx. pipiens & Cx. quinquefasciatus 
 
 
 
 
 
 
Abdominal terga with proximal pale-scale bands more or less straight distally and 
broadly jointed to small lateral pale-scale patches; scutum usually bearing a pair of pale-
scale spots near the center Cx. restuans 
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Culiseta 
(taxonomy follows Harbach & Knight 1980; Darsie & Ward 2005) 
 
 
1. A
bdominal terga bearing proximal pale-scale bands 2 
 
 
  
 
  
 
 
Abdominal terga uniformly dark Cs. melanura 
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Culiseta 
 
 
 
 
2. H
ind tarsi unbanded 3 
 
 
 
 
 
 
 
Hind tarsi bearing bands of pale-scales on some segments 4 
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Culiseta 
 
 
 
 
3. W
ings with Sc, R and anterior part of C vein bearing dark and pale scales (speckled in 
appearance); hind tarsomere 1 & 2  speckled Cs. inornata 
 
 
 
 
 
 
 
Wings and tarsi uniformly dark-scaled Cs. impatiens 
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Culiseta 
 
 
 
 
4. A
bdominal terga bearing pale-scaled bands on proximal and distal  
ends Cs. minnesotae 
 
 
 
 
 
 
 
Abdominal terga bearing pale-scaled bands proximally only Cs. morsitans 
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Orthopodomyia 
(taxonomy follows Harbach & Knight 1980; Darsie & Ward 2005) 
 
1. Lower mesokatepisternum with more than 4 setae; base of vein R4+5 bearing a patch of 
pale scales Or. signifera 
 
 
 
 
 
Lower mesokatepisternum with 0-2 setae; base of vein R4+5 bearing dark  
scales Or. alba 
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Bionomics 
Culicidae 
Adult 
 Head: small, subspherical. Eye kidney shaped, with ommatidia of equal size, similar 
in both sexes; ocelli absent. Antenna with very small scape hidden beneath enlarged globose 
pedicel, and 13 long slender flagellomeres; each flagellomere with a whorl of hairs, much 
longer and abundant in males than in females. Thorax: usually heavily clothed with scaled 
above scutellum short, evenly arched or trilobate; postnotum rather large, usually bare; legs 
clothed with scales; wing elongate and narrow lying flat above abdomen when at rest; at least 
10 veins reaching wing margin; cells br and bm reaching to near middle of wing; vein C 
continuous around wing margin; vein Sc extending beyond base of vein R4+5; wing veins 
usually with abundant scales; fringe of long scales along posterior margin of wing. 
Abdomen: narrow, slender, subcylindrical, with 8 distinct pregenital segments, bearing 2 
small cerci posteriorly in female.  
 
Anopheles 
 
Anopheles (Meigen) 
 This genus contains over 450 species worldwide, only 6 occur in Iowa.  
Larvae. Develop in temporary puddles, lagoons, rock pools, tree holes, artificial 
containers, bromeliads and pools of water.  Females are crepuscular to nocturnal 
feeders. 
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Adult. Palpi long. Scutellum evenly rounded posteriorly. Thorax and abdomen largely 
devoid of scales. Legs without pulvilli. Wings often with distinct markings of patches 
of light to dark scales. When in resting position, proboscis, thorax, and abdomen held 
in a nearly straight line.  
Biology. In Iowa, anophelines overwinter as adults in a variety of protected 
hibernation sites. The eggs are laid singly on water surfaces. 
An. barberi 
 Biology: 
Distribution of this species is widespread in the United States and Canada. The larvae 
of An. barberi are primarily found in tree holes, but can also be collected from 
artificial containers. Adult females have been recorded entering houses to feed on 
humans (Coquillett 2015).   
 Medical Significance:  
Under laboratory conditions this species is a competent vector of Plasmodium vivax 
(recurrent malaria).  
An. crucians  
 Biology:  
This species can be found in the United States as well as several subtropical and 
tropical countries. In the United States this group forms the Anopheles crucians 
complex consisting of at least 7 mosquito species that have similar life histories and 
morphology. The larvae are found in pools, ponds, and swampy areas with acidic or 
brackish water and abundant emergent vegetation. Adult females preferentially feed 
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on mammals, including humans and livestock (Burkett-Cadena 2013; Pennsylvania 
Vector Control Association 2015).  
 Medical Significance:  
  Competent vectors of malaria.   
An. earlei  
 Biology:  
This mosquito’s range includes the northern United States and Canada. The larvae 
can be found at or near the surface of semi-permanent bodies of water that experience 
little to no disturbance.  They have also been recorded in woodland pools and slow 
moving streams. Adult females overwinter in basements and other outdoor 
enclosures. They emerge in spring, and preferentially feed on mammals including 
humans. Females have been recorded entering houses to feed on humans (University 
of Alberta 2015a; Vargas, L. 2015).  
 Not Medically Significant  
An. punctipennis  
 Biology: 
This species can be found throughout a majority of the United States and some 
portions of southern Canada. An. punctipennis has a widespread distribution 
throughout North America. The larvae are commonly found in a wide range of 
habitats, including: ponds, wheel marks, stream margins, rain barrels, etc. They prefer 
colder and pristine water conditions. Adult females primarily feed on mammals, 
including humans. They are considered a pest species in parks and neighborhoods 
(Burkett-Cadena 2013; Say 2015).  
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 Medical Significance:  
  This species is a competent vector of malaria.  
An. quadrimaculatus  
 Biology: 
These mosquitoes are typically found in the eastern regions of North America, 
extending from the United States into southern Canada and northern Mexico. The 
primary larval habitats are ponds and marshes with abundant emergent vegetation. 
They are also commonly collected from storm water management areas that have 
collected organic debris. The larvae feed horizontal to the water surface, typically 
consuming algae, bacteria, and any other debris that is small enough for it to ingest. 
Overwintering occurs in the adult stage. Adult females preferentially feed on 
mammals, including humans and domestic animals. They return to hiding locations 
during the daytime. Eggs are laid in the desired habitats, as listed above, singly on the 
water surface (O’Malley 1992).  
 Medical Significance:  
This species is the primary malaria vector in the eastern and southern United States. It 
is also a competent vector of St. Louis encephalitis and Dirofilaria immitis.  
An. walkeri  
 Biology:  
An. walkeri’s distribution includes Canada, Mexico, and the United States. The larvae 
are typically present in freshwater marshes with abundant vegetation. Adult females 
preferentially feed on mammals, and have been recorded entering buildings to feed on 
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humans, and returning to hiding locations during the day. The female lays the eggs 
directly on the water surface (Theobald 2015).   
 Medical Significance: 
This species is a potential vector of malaria, displaying vector competence in 
laboratory conditions as well as the collection of a specimen containing oocysts.  
 
Culex 
 
Culex (Linnaeus) 
A large genus (over 775 recognized species) with a worldwide distribution, 7 are found in 
Iowa.  
Larvae. Can be found in a wide range of habitats, including but not limited to lakes, 
marshes, temporary puddles, bromeliads, ponds, tree holes, artificial containers, 
bamboo internodes, rock and stream pools.  
Adult. Palpus of female are one-fifth as long as the proboscis. Spiracular and 
postspiracular bristles absent. Pleuron sometimes bare, or with a few small patches of 
scales. Abdomen of female bluntly rounded apically (when viewed dorsally), segment 
VIII not retracted. Pulvilli present at the bases of the tarsal claws, padlike; tarsal 
claws of female without teeth. 
Biology. The eggs are laid in rafts on the water surface. Adult females feed on nectar 
and supplement their diet with vertebrate bloodmeals. Most hematophagous species 
prefer avian blood meals but many species commonly feed on mammals. Members of 
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this genus overwinter as adults in, but not limited to burrows, caves, building 
foundations, and hollow trees.  
Cx. erraticus  
 Biology: 
The larvae of Cx. erraticus are typically found in shallow aquatic habitats with 
vegetation. The pupae are regarded as one of the smallest in the Culicidae family. 
Adult females are opportunistic feeders, and have been determined to feed on bovine, 
canine, equine, feline, human, mammalian, and reptilian species. Recent studies 
indicate that females preferentially feed on avian and mammalian hosts, most 
commonly deer and large aquatic fowl (Mendenhall et al. 2012). Inseminated females 
overwinter (McNelly & Wayne 1989). Adult females deposit egg rafts on the surface 
of the water, near or attached to aquatic vegetation (Coon 2006).  
 Medical Significance:  
Vector of Eastern equine encephalitis, subtype IC Venezuelan equine encephalitis 
virus. St. Louis encephalitis virus and West Nile virus have been isolated from 
specimens captured in the field (McNelly & Wayne 1989).  
Cx. pipiens  
 Biology:  
Distribution includes the northern half of the United States with some inclusion of 
southern British Columbia. Larvae are found in a wide variation of habitats, thriving 
in temporary water sources with high organic content. Tolerates extreme pollution. 
Often sampled from artificial containers filled with stagnant water and is considered 
an urban species. Adult inseminated females overwinter in basements, and other 
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outdoor enclosures. The females emerge in spring and deposit egg rafts in the habitats 
mentioned above (Burkett-Cadena 2013).  
 Medical Significance:  
  St. Louis encephalitis.  
Cx. quinquefasciatus  
 Biology:  
This species has a widespread distribution in a majority of tropical and subtropical 
habitats, and is found in the southern half of the United States. Larvae prefer stagnant 
water with high organic content, and can also be found in ditches, stock ponds, and 
waste management treatment effluent areas. Adult females are opportunistic feeders 
and will blood feed on avians and mammals, including humans. Studies indicate that 
avian hosts are the most common inclusion in their diet. This species does not 
undergo reproductive diapause (LaPointe 2014).  
 Medical Significance:  
This mosquito is the primary vector of Wuchereria bancrofti, the human filarial 
nematode, as well as St. Louis encephalitis, West Nile virus, several avian diseases, 
Rift Valley fever, and canine dirofilariasis. 
Cx. restuans  
 Biology:  
Cx. restuans can be found ranging from central Canada into Mexico, and is extremely 
common in the central and eastern United States. The larval habitat is variable, 
ranging from clear water with little organic material to extremely polluted. Some 
interesting habitats this species has been recorded in include: sphagnum bogs, hoof 
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prints, and large tire marks. Females overwinter in basements and other outdoor 
enclosures. In the early spring the females emerge and deposit egg rafts in suitable 
habitat. This species primarily feeds on avians, and occasionally has been recorded to 
feed on humans (Crans 2013c).  
 Medical Significance:  
Field collected specimens have tested positive for Eastern equine encephalitis and is 
believed to play a role as a secondary vector, increasing transmission among birds 
and virus amplification. They also transmit West Nile virus (Crans 2013c).  
Cx. salinarius 
 Biology:  
Distribution extends over a majority of the eastern United States, including portions 
of Florida, Texas, and the Great Lakes region. This species is typically killed in 
extremely cold weather, and is believed to repopulate the northern regions of its range 
by annual migration. Cx. salinarius is commonly called the “Salt Marsh Culex”, with 
its larvae inhabiting freshwater areas where saline marsh habitats have been 
reclaimed. They may also be found in freshwater containing dying vegetation, 
brackish conditions, and roadside ditches. Adult females overwinter in animal 
burrows, and feed on avians and mammals. This species is considered a serious biting 
pest, with swarms occurring in salt marsh areas (Burkett-Cadena 2013).  
 Medical Significance:  
This species is a bridge vector between birds, humans, and horses transmitting West 
Nile, Eastern equine encephalitis, and St. Louis encephalitis.  
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Cx. tarsalis 
 Biology:   
Distribution includes the western portion of the United States, northern Mexico, and 
southern Canada. Larvae are usually found in a wide range of water conditions, 
tolerating some pollution. They have been recorded in agricultural runoff, alkaline 
conditions, saline wetlands, and sewage effluent. This species does best in aquatic 
habitats that are occasionally disturbed.  In northern areas, females overwinter as 
adults that have been inseminated requiring a blood meal to produce eggs in the 
spring. In early spring females feed primarily on avians, and as abundance increases 
birds begin to avoid mosquito feeding, causing a shift in feeding behavior towards 
mammalian hosts. Egg rafts are deposited on newly formed pools surrounded by 
emergent vegetation (Reisen 1993). 
 Medical Significance:  
This species is a vector of several viruses: St. Louis, Western equine encephalitis, 
Gay Lodge, Hart Park, Llano Seco, and Turlock virus. This species is also a vector of 
several types of avian malaria, and has been recorded as an experimental vector of 
Japanese and Venezuelan equine encephalitis viruses.  
Cx. territans  
 Biology:  
Larvae found in a variety of clear water habitats, does not tolerate pollution. One of 
the few mosquito species that can be collection from streams, typically found along 
stream margins and rocky pools, but can also be found in vernal pools and artificial 
containers. Larvae easily recognized by their tendency to rest nearly parallel to the 
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water surface. Inseminated females overwinter. Adult females preferentially feed on 
frogs and deposit egg rafts near the water surface, depending on rising water levels to 
deposit the raft (Burkett-Cadena 2013). 
 Not Medically Significant 
 
Culiseta 
 
Culiseta (Felt) 
A small genus with 38 species worldwide, with 5 found in Iowa. Larvae develops in 
water bodies with minimal flow such as temporary pools and artificial containers.  
Adult. Female palpus short. Spiracular bristles present; postspiraculars absent. Female 
abdomen bluntly rounded apically (when viewed dorsally), segment VIII not 
retractile. Pulvilli absent. Subcostal vein (Sc) with a tuft of setae on the underside of 
the wing base. 
Biology. Cs. impatiens and Cs. inornata overwinter as adults, whereas Cs. morsitans 
and Cs. melanura pass the winter as larvae. 
Cs. impatiens  
 Biology:   
This mosquito’s range includes both the western and north eastern regions of North 
America. Larvae can be collected from shaded ponds and pools. Some studies have 
collected larvae from extremely polluted conditions. Adult females overwinter 
unmated, and emerge blood feeding primarily on mammals. Females lay raft clutches 
consisting of approximately one hundred eggs. This species is generally associated 
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with coniferous forests in much of its range (Pennsylvania Vector Control 
Association 2015; University of Alberta 2015b).  
 Not Medically Significant  
Cs. inornata 
 Biology:  
Culiseta inornata is present throughout the United States and western Canada. This 
genus reaches its greatest diversity in temperate regions. Larvae can be found in rain-
filled semi-permanent bodies of water and have also been collected from artificial 
containers and emptied swimming pools. Adult females prefer to blood feed on larger 
mammals such as cows, deer, and horses – also occasionally biting humans (Burkett-
Cadena 2013).   
 Not Medically Significant  
Cs. melanura 
 Biology: 
This species can be found in eastern Canada and the eastern half of the United States, 
and is most abundant at low elevations. The larvae prefer acidic water and can 
typically be found in bogs and other aquatic habitats with a pH of less than 5.0. They 
are usually collected near trees where the roots provide cover and habitat. 
Overwintering occurs during the 3rd and 4th instars. The larvae pupate in spring and 
adults emerge in May. The adult females almost exclusively blood feed on songbirds 
(Crans 2013a).   
 Medical Significance:  
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This species is importance in the transmission of Eastern equine encephalitis, feeding 
exclusively on avians and initiating the transmission of infection in bird populations.  
Cs. minnesotae 
 Biology:  
Its distribution includes the northern regions of the United States extending into 
Canada and Alaska. Larvae of Cs. minnesotae have been collected primarily from 
sedge-cattail marshes, tamarack swamps, and coniferous marshes. The overwintering 
population consists of inseminated females. This species is commonly mistaken for 
Culiseta morsitans (Roger 1961).  
 Medical Significance: None 
Cs. morsitans 
 Biology:  
Larvae have been recorded inhabiting marsh and swamp areas in densely wooded 
forests, as well as some bog habitats. This species deposits its egg rafts on damp 
earth, where they resist desiccation and overwinter in this stage. Collection is easiest 
when targeting root systems and emergent vegetation. Adults of this species have a 
very limited flight range. Adult females feed almost exclusively on avians. This 
species is commonly confused with Culiseta minnesotae (Crans 2013b).  
 Medical Significance:  
Due to its feeding preferences, it is believed to play some role as a secondary vector 
of Eastern equine encephalitis virus.  
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Coquillettidia 
 
Cq. perturbans 
 Biology:  
This mosquito’s distribution includes Canada, Medico, and the lower 48 states. 
Larvae and pupae of this species affix themselves to roots of aquatic plants and 
remain affixed during development. Females lay their eggs in areas of emergent 
vegetation (Walker 2015).  
 Medical Significance:  
Vector of Eastern equine encephalitis.  
 
Orthopodomyia 
 
Orthopodomyia (Theobald) 
A small genus with 31 species of which 2 are found in Iowa.  
Larvae. Develop in tree holes, bromeliads, broken bamboo canes. Adults are 
ornithophagous. 
Adult. Female palpus about one-third as long as the proboscis. Spiracular and 
postspiracular bristles absent. Female abdomen blunt-tipped, eighth segment not 
retractile. Fork of wing vein Rs much longer than its petiole. 
Biology. The larvae are found in natural container type habitats such as tree holes. 
The eggs are laid singly on the sides of the tree hole at the waterline. In some 
instances, the eggs are apparently laid directly on the water surface. The winter is 
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passed in the egg stage, some species even surviving being frozen in the ice. The 
larvae develop very slowly. The adults are probably avian feeders. 
Or. alba 
 Biology:  
The distribution of Or. alba is mostly restricted to the Midwest and eastern United 
States. Larvae found most commonly in tree holes, and are occasionally collected 
from artificial containers. Larvae and pupae can survive in tree holes with little to no 
free water, surviving in moist debris. The pupal stage lasts approximately one week. 
Overwintering occurs in the larval stage of development. Adult females have been 
recorded to preferentially feed on avian blood (Zavortink 1968). 
  
Medical Significance:  
Possible vector of avian viruses.  
Or. signifera 
 Biology:  
Distribution: Canada, Cuba, Haiti, Mexico, Puerto Rico, United States, Virgin 
Islands. Larvae commonly found in tree holes and stumps, flooded waste 
management areas, and artificial containers (particularly those also housing leaves, 
sticks, and other organic material). The pupal stage lasts for approximately one week. 
Overwintering occurs at the larval stage of development. Adult females preferentially 
feed on avian blood (Zavortink 1968).    
 Medical Significance:  
Vector of Eastern Equine Encephalitis. Possible vector of avian viruses.  
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Uranotaenia 
 
 Ur. sapphirina  
 Biology:  
Present in certain regions of southeastern Canada extending into the eastern half of 
the United States and portions of Mexico. The life habits of this species are similar to 
species of Culex. Larvae are typically found in swampy area with emergent 
vegetation, primarily in sunlit areas. They lie parallel to the water surface, in a 
fashion similar to Anopheles larvae. Inseminated females overwinter, and then lay 
egg rafts that float with a section submerged under the water’s surface ((Burkett-
Cadena 2013).  
Not Medically Significant 
 
Vocabulary 
(modified or taken from: Burkett-Cadena 2013; Cumming & Wood 2009; De la Torre-Bueno 
1989; Harbach & Knight 1980) 
 
Abdominal terga – The dorsal sclerite of the abdomen.  
Acrostitchial – The median longitudinal area of the scutum; bearing the acrostichal setae.  
Antepronotum – The division of the pronotum, appearing as a setose lobe posteriolaterally 
to the head. 
Anterior – In front; before.  
Apex – The end or tip of a structure.  
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Basally – Situated or pertaining to the base.  
Cerci – A pair of lobes at the end of the abdomen.  
Clypeus – The part of the head below the frons, where the labrum is attached anteriorly.  
Distal – Situated away from the center of the body.  
Dorsal – Of, or on the upper side of the insect or organ.  
Femur – The third, and typically stoutest segment of the leg, attached to the body through 
the trochanter and coxa, bearing the tibia at its distal end.  
Frontal tuft – The group of erect elongate setae and fusiform scales near the eye region.  
Halter – Modified hind wing, functions as a sense organ that aids in stability during flight.  
Labellum – Paired oral lobes at the distal end of the proboscis.  
Lateral – Of, at, toward, or from the side or sides. 
Maxillary palpus – An appendage of the maxilla, sensory in function. In mosquitoes, 
inserted immediately below the clypeus and laterad to the base of the proboscis; varies 
widely in form according to genus and sex; primitively consistent of five palpomeres.  
Mesokatepisternum – The large plate of the thorax, above the base of the middle leg. 
Mesopostnotum – Dorsal plate of the thorax just posterior to the scutellum. 
Occiput – The posterior dorsal part of the head capsule just behind the eyes.  
Palpifers – The segments of the maxillary palpus.   
Posterior – Situated in the back of the body, nearer to the hind end.  
Postspiracular – The sclerotized area lying posterior to the mesothoracic spiracle; scales and 
setae may be borne on this area.  
Prespiracular setae – Setae of the small area just anterior to the anterior thoracic spiracle 
and posterior to a strong exoskeletal ridge.  
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Proboscis – The greatly elongated sheath-like labium and the enclosed fascicle. 
Proximal –Situated nearer to the center of the body.  
Seta – A hair-like growth of the exoskeleton. 
Sclerite – any plate of the body wall surrounded by membranes or sutures. 
Scutum – The principal dorsal area of the thorax belonging to the mesonotum; used here for 
the combined prescutum and scutum because these areas in the mosquito are only 
separated laterally by an obsolescent prescutal suture.  
Scutellum –The trilobed, posterior, area of the thorax in Culicinae (single lobed in 
Anophelinae) 
Spiracle – External opening of the tracheal system. 
Tarsomere – An individual subsegment of a tarsus.  
Tarsi – Plural of tarsus.  
Tarsus – The most distal segment of the mosquito leg, divided into five tarsomeres.   
Tibia – The fourth segment of the leg, between the femur and the first tarsomere.  
Transverse – Situated or extending across something.  
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